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(54) Liquid crystal display apparatus and method for producing the same. 

(57) The liquid crystal display apparatus of the 

invention includes a first substrate and a sec- FIG J A 
ond substrate disposed so as to face each 
other, a liquid crystal layer sandwiched between 
the first substrate and the second substrate, a 
first alignment film formed between the liquid 
crystal layer and the first substrate, and a sec- 
ond alignment film formed between the liquid 
crystal layer and the second substrate. In the 
liquid crystal display apparatus, the liquid crys- 
tal layer includes a plurality of liquid crystal 
layer regions having aligning conditions which 
are different from each other, the plurality of 
liquid crystal layer regions including a first 
liquid crystal layer region (A) and a second 
liquid crystal layer region (B), and wherein the 
orientation direction (CA) in a substrate plane of 

liquid crystal molecules in the vicinity of the ' ■ 

center of the first liquid crystal layer region is ^ 
different from the orientation direction (CB) in 
the substrate plane of liquid crystal molecules 
in the vicinity of the center of the second liquid FIG. 1B 
crystal layer region, substantially by 90°. 
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BACKGROUND OF THE INVEI 




1. Field of the Invention: 

The present invention relates to a liquid crystal 
display apparatus with a wide viewing angle and a 
method for producing the same. 

2. Description of the Related Art: 

In a liquid crystal display (LCD), a liquid crystal 
layer including liquid crystal molecules is provided be- 
tween a pair of substrates. When the orientation di- 
rection of the liquid crystal molecules is changed, the 
birefringence of the liquid crystal layer is also 
changed. By utilizing the change in the refractive in- 
dex, the LCD performs the display. Accordingly, it is 
important that the liquid crystal molecules are ar- 
ranged as regularly as possible in the initial state. In 
order to regularly arrange the liquid crystal molecules 
in the initial state, the surface conditions of the sub- 
strates which sandwich the liquid crystal layer should 
regulate the interactions between the liquid crystal 
molecules and the surfaces. 

In the method for performing such a regulation 
which is currently the most widely used, material for 
a liquid crystal alignment film is applied to each of the 
surfaces of the substrates which face the liquid crys- 
tal layer. The applied material is dried and cured, so 
as to form the alignment film. Thereafter, the surface 
of the alignmentf ilm is rubbed. Thus, the liquid crystal 
molecules can be aligned in the rubbing direction. The 
rubbing treatment is unidirectionally performed on 
the entire substrate, so that the liquid crystal mole- 
cules in the liquid crystal layer which are in the vicinity 
of the substrate surface are aligned in one direction. 
In addition, the tilt angles (i.e., pretilt angles) of the liq- 
uid crystal molecules in the vicinity of the substrate 
with respect to the substrate surface are substantially 
equal to each other. 

In an LCD which uses thin film transistors (TFTs) 
as switching elements, Le., in a TFT-LCD, the con- 
struction of a twisted nematic (TN) type liquid crystal 
layer is adopted (an LCD of the TN mode). In such an 
LCD of the TN mode, the liquid crystal molecules be- 
tween the pair of substrates are continuously twisted 
by 90° along the direction perpendicular to the surfac- 
es of the substrates, by means of the alignment films 
formed in the inward-facing surfaces of the sub- 
strates. 

Figure 18 is a plan view of an exemplary TN type 
LCD, and Figure 19A shows a cross section of a pic- 
ture element portion of the TN type LCD. The LCD is 
a TFT-LCD of an active matrix type. As Is shown in 
Figure 19 A, a liquid crystal layer 133 is sandwiched 
betwe n substrates 131 and 132 which are provided 
so as to face each other. The substrates 131 includes 
a glass substrat 131a on which scanning lines 112 



and signal lines l^^^^brmed so as to cross each 
other as shown in Figure 18. In the vicinity of the 
crossings of the scanning lines 112 and the signal 
lines 113, thin film transistors (TFTs) 120 as nonlinear 

5 switching elements are formed. In areas enclosed by 
the scanning lines 112 and the signal lines 113, pixel 
electrodes 110 are formed, r spectively, in such a 
manner that part of each pixel electrode 110 and the 
scanning line 112 are overlapped. The area 118 in 

10 which the pixel electrode 110 and the scanning line 
112 are overlapped functions as an additional capac- 
itance. Each of the TFTs 120 includes a gate elec- 
trode 115 which is branched from a scanning line 112, 
a source electrode 116 which is branched from a sig- 

15 nal line 113, and a drain electrode 117 for connecting 
the TFT 120 to a pixel electrode 110. Over the glass 
substrate 131a on which the above-mentioned ele- 
ments are formed, an insulating protective film 131d 
and an alignment film 131e are formed in this order. 

20 The other substrate 132 also has a glass sub- 
strate 132a on which a color filter 132b and a trans- 
parent electrode 132c are formed in this order. Over 
the glass substrate 132a on which the above- 
mentioned elements are formed, an insulating proteo 

25 tive film (not shown) and an alignment film 132e are 
formed in this order. The alignment film can also func- 
tion as the insulating protective film. 

In the liquid crystal layer 133 sandwiched be- 
tween the above-described substrates 131 and 132, 

30 the liquid crystal molecules are aligned so that the ori- 
entation directions are continuously twisted by 90° 
along the direction perpendicular to the surfaces of 
the substrates. A liquid crystal molecule 133a near 
the center position along the direction perpendicular 

35 to the surfaces of the substrates has a predetermined 
angle with respect to the substrate surface. The sub- 
strates 131 and 132 are sealed at their ends by a resin 
or the like (not shown), and a peripheral circuit or the 
like for driving the liquid crystal is externally mounted. 

40 LCDs which are of types other than the active matrix 
type have the same construction as that described 
above. 

In the TN type LCD, by the application of a vol- 
tage across the substrates 131 and 132, an electric 

45 field is generated in a direction perpendicular to the 
surfaces of the substrates 131 and 132. In accor- 
dance with the dielectric an is ot ropy of liquid crystal, 
the liquid crystal molecules stand. By aligning the liq- 
uid crystal molecules in parallel to the direction of the 

so electric field, the birefringence of the liquid crystal 
layer 133 is varied. If the direction of the electric field 
is perpendicular to the direction to which the liquid 
crystal molecules stand during no voltage application, 
that is, if the pretilt angl is 0, the direction to which 

55 the liquid crystal molecules stand is not uniqu ly de- 
termined. As a result, a disclinatlon line Is generated 
between liquid crystal domains having different 
standing directions in respons to th lectric field. 
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Jtach a disdination line degrade^J^Rsplay Quality. 
Thus, in order to prevent the generation of the disdin- 
ation tin , as shown in Figure 19 A, the liquid crystal 
molecules are previously set to be tilted (i.e., to have 
a pretilt angle). 

Figure 19B shows the initial orientation of the liq- 
uid crystal when th liquid crystal panel shown in Fig- 
ure 19A is viewed from the side of the substrate 132 
which is the upper one in Figure 19A. V ctor a in Fig- 
ure 19B indicates the rubbing direction of the align- 
ment film 132e, vector b indicates the rubbing direc- 
tion of the alignment film 131e. The liquid crystal mol- 
ecules in the vicinity of each of the alignment films 
131o and 132e are aligned along the respective rub- 
bing direction (a orb in Figure 19B) with a pretilt angle 
5. The rubbing directions a and b forms an angle of 
90° therebetween (the twist angle 0t = 90 0 in Figure 
19B). The liquid crystal molecules in the liquid crystal 
layer 133 are continuously twisted by 90° along the 
thickness direction of the liquid crystal layer 133. Ac- 
cordingly, the liquid crystal molecule 133a near the 
middle position in the thickness direction of the liquid 
crystal layer 133 is also tilted by the angle 5 with re- 
spect to the substrates 131 and 132. The orientation 
direction of the liquid crystal molecule 133a near the 
middle position is indicated by vector c in Figure 19B. 
The vector c divides the twist angle 8t into two equal 
angles. 

Herein, the plus side of the viewing angle 6v in 
Figure 19A (the side indicated by 61) is referred to as 
a positive viewing direction, and the minus side of the 
viewing angle 9v in Figure 19A (the side indicated by 
62) is referred to as a negative viewing direction. Spe- 
cifically, the direction in which the liquid crystal panel 
is viewed from the viewing point on the right side of 
the vertical broken line in Figure 19B (i.e., the line 
which is perpendicular to the orientation direction c of 
the liquid crystal molecule near the center position of 
the liquid crystal layer, and which divides the liquid 
crystal panel into two equal parts) is referred to as the 
positive viewing direction. The in-plane orientation di- 
rection of the liquid crystal panel of the liquid crystal 
molecule 133a positioned near the center of the liquid 
crystal layer (c in Figure 19B) is referred to as a ref- 
erence orientation direction. As is seen from Figure 
19B, the reference orientation direction divides the 
twist angle 6t of the liquid crystal layer 133 into two 
equal angles. Also, the minus direction of c is referred 
to as a reference viewing direction v. That is, the ref- 
erence viewing direction v is the representative pos- 
itive viewing direction. 

Also herein, an imaginary dockface (dial) is 
drawn on the liquid crystal panel, and the orientation 
direction of liquid crystal in the liquid crystal layer is 
indicat d by the dock representation method. Spetif- 
ically, in the construction in which the display on the 
liquid crystal panel is actually viewed by a viewer, the 
upper side f the liquid crystal panel is represented as 



1 2 o'dock, the lov^p^pthereof is represented as 6 
o'dock. In a similar way, the orientation direction of 
the liquid crystal layer is represented as th tim in 
th imaginary dock indicated by the reference orien- 

5 tation dir ction of the liquid crystal layer in the liquid 
crystal panel. For example, the liquid crystal layer 
having the r ference orientation direction c as shown 
in Figure 19B is represent d in such a manner as to 
"be oriented at 3 o'dock* in the construction in which 

10 the front side of the figure sheet is regarded as the up- 
per side of the liquid crystal panel. 

The TN mode LCD, since the liquid crystal mole- 
cules are aligned in the above-described manner, 
there occurs a phenomenon in which the contrast is 

15 different depending on the angle at which the LCD is 
viewed. The reasons why the contrast changes will be 
described below.. 

Figure 20 shows an exemplary applied voltages 
to transmittance characteristics in a normally white 

20 mode of an LCD in which light is transmitted during 
the no voltage application so as to perform a white 
display. 

In Figure 20, the solid line L1 shows the applied 
voltage to transmittance characteristic when the LCD 

25 shown in Figure 19A is viewed in the direction perpen- 
dicular to the surfaces of the substrates (6v = 0°). In 
this case, as the applied voltage value becomes high, 
the transmittance of light is decreased. When the vol- 
tage value reaches a spedfic value, the transmit- 

30 tance becomes substantially equal to zero. Accord- 
ingly, even when a much higher voltage is applied, the 
transmittance remains at substantially zero. 

When the viewing angle is indined from the direc- 
tion perpendicular to the substrate face to the positive 

35 viewing direction, the applied voltage to transmit- 
tance characteristic is varied as is shown by solid line 
L2 in Figure 20. Spedfically, as the applied voltage 
becomes higher, the transmittance is decreased to 
some extent When the applied voltage exceeds a 

40 spedfic value, the transmittance is increased. Then, 
the transmittance is gradually decreased. Therefore, 
when the viewing angle is indined in the positive 
viewing direction, there occurs a phenomenon in that 
the black and the white (the negative and positive) of 

45 the image are inverted at a specific angle. This phe- 
nomenon occurs because the apparent birefringence 
of tiquid crystal molecules having optical anisotropy 
is varied depending on the viewing angle. 

Referring to Figures 21 A to 21 C, the phenomen- 

50 on will be described in detail. As is shown in Figure 
21 A, when the applied voltage is zero or a relatively 
lower voltage, the center molecule 133a of the liquid 
crystal layer is observed in the form of an ellipse by 
th viewer 137 positioned in the positive vi wing di- 
ss rectbn. As the applied voltage is gradually increased, 
the center molecule 133a is moved in such a manner 
that th longer axis becomes aligned along the direc- 
tion of the electric field, i.e., th direction perpendio 
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ularto the substrate face. Accord^J^^ center mol- 
cule 133a is momentarily observ d in the form of a 
cird by the viewer 137, as is shown in Figure 21 B. 
As the voltage is further increased, the center mole- 
cul 133a becom s substantially in parallel to the 
electric field direction. As a result, the c nter mole- 
cule 133a is observed again in the form of an ellipse 
by the viewer 137, as is shown In Figur 21 C. In this 
way, the inversion phenomenon occurs. 

If the viewing angle is tilted in the negative view- 
ing direction, the variation of the light transmittance 
with respect to the applied voltage is relatively small 
as compared with the case of being viewed from the 
direction perpendicular to the substrates, as is shown 
by solid line L3 in Figure 20. As a result, when the LCD 
is viewed from the negative viewing direction, the in- 
version phenomenon does not occur, but the contrast 
is greatly degraded. 

In the TN mode LCD, the inversion phenomenon 
when viewed from the positive viewing direction and 
the degradation of contrast when viewed from the 
negative viewing direction cause serious problems for 
the viewer, and they result in doubts about the display 
properties of the LCD. 

As to techniques for improving the inversion phe- 
nomenon, JAPAN DISPLAYS, pages 591-594, and 
page 886 describe the following two methods. In one 
method, the surface of the alignment film is unidirec- 
tionally rubbed, and then a resist is deposited on a 
part of the alignment film. Then, the rubbing is per- 
formed to the portion which is not covered with the re- 
sist in the direction reversed from the previous rub- 
bing direction. Thereafter, the resist is removed. As a 
result, one and the same liquid crystal cell includes a 
different orientation direction of liquid crystal mole- 
cules in the vicinity of the center of the liquid crystal 
layer. In the other method, polyimide alignment films 
made of different compositions are juxtaposed and 
then they are subjected to the rubbing treatment As 
a result, a plurality of pretilt angles are formed de- 
pending on the compositions thereof. According to 
these methods, two types of regions having opposite 
reference orientation directions are formed in one and 
the same cell, so that the viewer can mixedly observe 
the viewing characteristics in both directions. As a re- 
sult, the inversion phenomenon when viewed from 
the positive viewing direction and the significant re- 
duction of the contrast when viewed from the nega- 
tive viewing direction are reduced and improved. 

As described above, the viewing characteristics 
in the positive viewing direction and in the negative 
viewing direction are made uniform, but there exists 
another viewing characteristic in the direction perpen- 
dicular to the two reference orientation directions 
which are opposite to each other by 180° (I.e., in 6 
o'clock or 12 o'clock direction when the two reference 
orientation directions are regarded as 3 o'clock and 9 
o'clock direction). The viewing characteristic In the 
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perpendicular dire<^J^tJifferent from th viewing 
characteristics in the positive and negativ viewing 
directions. The above methods cannot make the en- 
tire viewing characteristics uniform. In the above- 
5 described methods, r gions having different aligning 
conditions are formed on both alignment films, so that 
it is necessary to align the boundary between the re- 
gions having different aligning conditions on one sub- 
strate with the boundary on the other substrate when 
10 the substrates are attached to each other. However, 
it is extremely difficult to precisely align the boundar- 
ies with each other in the actual process. Thus, it is 
necessary to form a light blocking film in view of the 
possible deviation of the alignment of boundaries. 
15 This causes the opening ratio to be decreased. 

Display apparatuses have various applications, 
so it is desired that the screen display can attain equal 
viewing characteristics for wide angles in all viewing 
directions. There may be cases where equal viewing 
20 characteristics for wide angles are required in three 
directions (e.g., at 3 o'clock, 6 o'clock, and 9 o'clock 
directions) or where equal viewing characteristics for 
wide angles are required in two directions (e.g., at 3 
o'clock and 6 o'clock directions). Thus, it is desirable 
25 that viewing characteristics required for the desired 
application can be obtained. 

In another attempt to eliminate the inversion phe- 
nomenon when viewed from the positive viewing di- 
rection and the degradation of contrast when viewed 
30 from the negative viewing direction, a rectangular re- 
gion 119 as shown in Figure 18 in which the orienta- 
tion direction of the liquid crystal molecule 133a in the 
vicinity of the center of the liquid crystal layer 133 is 
different from that in the other region is formed in the 
35 picture element shown by a broken line in Figure 18. 
In more detail, two regions having reference orienta- 
tion directions which are different from each other by 
180° are formed in one picture element, so that the 
contrast degradation when viewed from the negative 
40 viewing direction is compensated, and the inversion 
phenomenon when viewed from the positive viewing 
direction is suppressed. 

However, in the case where one picture element 
has liquid crystal layer regions having different refer- 
45 ence orientation directions formed therein, as the 
time elapses, the aligning condition of one liquid crys- 
tal layer region may be absorbed by the aligning con- 
dition of the other liquid crystal layer region. In addi- 
tion, in the boundary area between the liquid crystal 
so layer regions, a disclination line occurs. This causes 
the contrast to be degraded. 

SUMMARY OF THE INVENTION 

55 The liquid crystal display apparatus of this inven- 
tion includes a first substrate and a second substrate 
disposed to face each oth n a liquid crystal layer 
sandwich d between the first substrate and the seo 
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ond substrate; and a first alignr^ft^^rt formed be- 
tw en the liquid crystal layer anfln^st substrate, 
and a second alignment film formed between the liq- 
uid crystal layer and the second substrate, wherein 
the liquid crystal layer includes a plurality of liquid 5 
crystal layer regions having aligning conditions which 
are different from each other, the plurality of liquid 
crystal layer regions including a first liquid crystal lay- 
er region and a second liquid crystal layer region, and 
wherein an orientation direction in a substrate plane 10 
of liquid crystal molecules in the vicinity of the center 
of the first liquid crystal layer region is different from 
an orientation direction in the substrate plane of liquid 
crystal molecules in the vicinity of the center of the 
second liquid crystal layer region, substantially by 15 
90°. 

In one embodiment of the invention, liquid crystal 
molecules in the second liquid crystal layer region are 
twisted in a direction opposite to a direction in which 
liquid crystal molecules in the first liquid crystal layer 20 
region are twisted. 

In another embodiment of the invention, a sur- 
face condition of the first alignment film is different 
from a surface condition of the second alignment film 
in the first liquid crystal layer region, and a surface 25 
condition of the first alignmentfilm is substantially the 
same as a surface condition of the second alignment 
film in the second liquid crystal layer region. 

In another embodiment of the invention, a pretilt 
angle of the first alignmentfilm is different from a pre- 30 
tilt angle of the second alignment film in the first liquid 
crystal layer region, and a pretilt angle of the first 
alignment film is substantially the same as a pretilt 
angle of the second alignment film in the second liq- 
uid crystal layer region. The pretilt angle of the first 35 
alignment film and the pretilt angle of the second 
alignment film in the first liquid crystal layer region 
may be smaller than 20°, and a difference between 
the pretilt angles of the first and the second alignment 
films in the first liquid crystal layer region may be 1.5° 40 
or more. 

In another embodiment of the invention, the plur- 
ality of liquid crystal layer regions further includes a 
third liquid crystal layer region, and an orientation di- 
rection in the substrate plane of liquid crystal mole- 45 
cules in the vicinity of the center of the third liquid 
crystal layer region is differentf ram the orientation di- 
rection in the first liquid crystal layer region by 180°, 
and different from the orientation direction in the sec- 
ond liquid crystal layer region by 90°. A pretilt angle 50 
of the first alignment film and a pretilt angle of the 
second alignment film in the third liquid crystal layer 
region may be smaller than 20°, and a difference be- 
tween the pretilt angles of the first and the second 
alignment films in the third liquid crystal layer region 55 
may be 1.5° or more. The pretilt angle of the first 
alignment film may be larger than the pretilt angle of 
the second alignment film in the first liquid crystal lay- 
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r region, and the^B^wigle of the first alignment 
film may be smalleffi^the pretilt angle of the sec- 
ond alignment film in the third liquid crystal layer re- 
gion. Alternatively, the pretilt angle of the first align- 
ment film may be smaller than th pretilt angle of the 
second alignment film in the first liquid crystal layer 
region, and the pretilt angle of the first alignment film 
may be larger than the pretilt angle of the second 
alignment film in the third liquid crystal layer region. 

In another embodiment of the invention, the sec- 
ond liquid crystal layer region is formed between the 
first liquid crystal layer region and the third liquid 
crystal layer region. The first, the second, and the 
third liquid crystal layer regions may have substantial- 
ly equal areas. Alternatively, an area of the second 
liquid crystal layer region is smaller than an area of 
each of the first and the third liquid crystal layer re- 
gions. 

In another embodiment of the invention, a sur- 
face condition of the first alignmentfilm in the first liq- 
uid crystal layer region is substantially equal to a sur- 
face condition of the first alignment film in the second 
liquid crystal layer region, and a surface condition of 
the second alignmentfilm in the first liquid crystal lay- 
er region is different from a surface condition of the 
second alignmentfilm in the second liquid crystal lay- 
er reg ion. A pretilt angle of the first alig nmen t film may 
have an intermediate value between a pretilt angle of 
the second alignmentfilm in the first liquid crystal lay- 
er region and a pretilt angle of the second alignment 
film in the second liquid crystal layer region. 

In another embodiment of the invention, a sur- 
face condition of the first alignmentfilm in the second 
liquid crystal layer region is substantially equal to a 
surface condition of the first alignment film in the first 
liquid crystal layer region, and a surface condition of 
the second alignmentfilm in the second liquid crystal 
layer region is substantially equal to a surface condi- 
tion of the second alignment film in the third liquid 
crystal layer region. 

In another embodiment of the invention, the first 
alignment film has equal surface conditions in all of 
the first, the second, and the third liquid crystal layer 
regions, and the second alignmentfilm has different 
surface conditions among the first, the second, and 
the third liquid crystal layer regions. 

In another embodiment of the invention, pretilt 
angles of the second alignment film in the first, the 
second, and the third liquid crystal layer regions are 
different from each other. 

In another embodiment of the invention, each of 
the plurality of liquid crystal layer regions corre- 
sponds to one pixel region. 

In another embodiment of the invention, the plur- 
ality of liquid crystal layer regions are formed in one 
pixel region. 

In another mbodiment of the invention, each of 
the plurality f liquid crystal layer regions are contin- 
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uoysly formed over a plurality of^P^^gions. 

In another embodiment of the invention, an orien- 
tation direction in the substrate plane f liquid crystal 
molecul s which are in contact with one of th first 
alignment film and the second alignment film is sub- s 
stantially parallel to a boundary between the plurality 
of liquid crystal layer regions. 

In another embodiment of the invention, the liquid 
crystal display apparatus further includes a light 
blocking film located on the boundary between the 10 
plurality of liquid crystal layer regions. 

In another embodiment of the invention, a nonli- 
near element is formed in the pixel region, and the 
boundary is disposed at a position remotest from the 
nonlinear element. 15 

In another embodiment of the invention, a nonli- 
near element is formed in the pixel region, and the 
light blocking film is formed of an opaque material 
which constitutes the nonlinear element 

According to another aspect of the invention, a 20 
method for producing a liquid crystal display appara- 
tus comprising a first substrate and a second sub- 
strate disposed to face each other and liquid crystal 
sandwiched between the first substrate and the sec- 
ond substrate is provided. The method includes: a 25 
step of forming a first alignment film on the first sub- 
strate, and forming a second alignment film on the 
second substrate; a surface treatment step of form- 
ing a plurality of portions having surface conditions 
which are different from each other, on at least one 30 
of the first alignment film and the second alignment 
film; and an assembly step of attaching the first sub- 
strate to the second substrate, and injecting the liquid 
crystal between the first substrate and the second 
substrate, so as to form a plurality of liquid crystal lay- 35 
er regions having different orientation directions in a 
substrate plane of liquid crystal molecules in the vi- 
cinity of the center of the liquid crystal along a thick- 
ness direction of the liquid crystal between the first 
and the second substrates, wherein the plurality of 40 
liquid crystal layer regions includes a first liquid crys- 
tal layer region and a second liquid crystal layer re- 
gion, and an orientation direction in the substrate 
plane of liquid crystal molecules in the vicinity of the 
center of the first liquid crystal layer region is different 45 
from an orientation direction in the substrate plane of 
liquid crystal molecules in the vicinity of a center of 
the second liquid crystal layer region, substantially by 
90°. 

In one embodiment of the invention, the surface so 
treatment step includes a step of forming a plurality 
of portions having different pretilt angles by partially 
changing the surface condition of at least one of the 
first and the second alignment films. 

In another embodiment of the invention, the step 55 
of forming the plurality of portions having different 
pretilt angles includes a step of selectively irradiating 
th at least one of the first and the second alignment 
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films with ultraviol^J^R 

In another embSiment of the invention, the step 
of forming the plurality of portions having diff rent 
pretilt angles includes a step of bringing the at least 
one of the first and the second alignment films into 
contact with on of an acid solution, an alkalin solu- 
tion, and solutions containing these as main compo- 
nents. 

In another embodiment of the invention, the step 
of forming the plurality of portions having different 
pretilt angles includes a step of irradiating the at least 
one of the first and the second alignment films with a 
plasma of a gas selected from a group consisting of 
0 2 , At, and Kr. 

In another embodiment of the invention, the 
method further includes a step of forming an under- 
lying film on each of the first and the second sub- 
strates, prior to the step of forming the first and the 
second alignment films, wherein the surface treat- 
ment step includes a step of making a part of at least 
one of the underlying films having different degrees 
of roughness, and a step of forming the first and the 
second alignment films on the underlying films, 
thereby changing a surface condition of at least one 
of the first and the second alignment films. 

In another embodiment of the invention, the step 
of making different degrees of roughness includes a 
step of selectively irradiating the underlying film with 
ultraviolet rays. 

In another embodiment of the invention, the step 
of making different degrees of roughness includes a 
step of bringing the underlying film into contact with 
one of an acid solution, an alkaline solution, and sol- 
utions containing these as main components. 

In another embodiment of the invention, the step 
of making different degrees or roughness includes a 
step of irradiating the underlying film with a plasma 
of a gas selected from a group consisting of 0 2 , Ar, 
and Kr. 

In another embodiment of the invention, the step 
of making different degrees of roughness includes a 
step of forming an insulating film on a predetermined 
area of a surface of the underlying film. 

In another embodiment of the invention, the step 
of making different degrees of roughness includes a 
step of forming the different degrees of roughness in 
at least one of the underlying films by photolithogra- 
phy. 

In another embodiment of the invention, in the 
step of forming the first and the second alignment 
films on the underlying films, a surface condition of 
at least one of the first and the second alignment films 
is controlled by changing a thickness of the at least 
one of the first and th second alignment films. 

In anoth r embodiment of the invention, the plur- 
ality of liquid crystal layer regions further includes a 
third liquid crystal layer region, and an orientation di- 
rection In the substrate plane of liquid crystal mole- 
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cutes in th vicinity of the cent^P^b third liquid 
crystal layer region is different from th orientation di- 
r ctton in the first liquid crystal layer region substan- 
tially by 180°, and different from the orientation direc- 
tion in the second liquid crystal layer region substan- 
tially by 90°. 

In another embodiment of the invention, the first 
alignment film includes a first and a second portions 
having different pretilt angles, and the second align- 
ment film includes a third and a fourth portions having 
different pretilt angles, and wherein the method fur- 
ther includes a step of positioning the first and the 
second substrates so that the second portion of the 
first alignment film is divided by a boundary between 
the third and the fourth portions of the second align- 
ment film. 

In another embodiment of the invention, in the as- 
sembly step, the first and the second substrates are 
assembled so as to adapt to liquid crystal having a 
twisted property in a direction opposite to a direction 
in which the injected liquid crystal is twisted, whereby 
the twisted directions in the plurality of liquid crystal 
layer regions are different from each other. 

In the liquid crystal display apparatus of the in- 
vention, the liquid crystal layer has a plurality of re- 
gions having different orientation directions of liquid 
crystal molecules in the vicinity of the center of the liq- 
uid crystal layer along the thickness direction thereof. 
In more detail, in the liquid crystal display apparatus 
of the invention, there exist both a liquid crystal layer 
region in which the aligning condition of liquid crystal 
molecules in the vicinity of one substrate is different 
from that in the vicinity of the other substrate, and a 
liquid crystal layer region in which the aligning condi- 
tion of liquid crystal molecules in the vicinity of one 
substrate is the same as that in the vicinity of the 
other substrate. In another case, there is no liquid 
crystal layer region in which the aligning condition of 
liquid crystal molecules in the vicinity of one substrate 
is the same as that in the vicinity of the other sub- 
strate, but there only exists liquid crystal layer regions 
in which the aligning condition of liquid crystal mole- 
cules in the vicinity of one substrate is different from 
that in the vicinity of the other substrate. The orienta- 
tion direction of liquid crystal molecules in the vicinity 
of the center of each liquid crystal layer region is regu- 
lated by a combination of the pretilt angles of liquid 
crystal molecules which are in contact with the align- 
ment f iims. The viewing characteristics in the two ref- 
erence viewing directions which are opposite to each 
other by 180° are realized by a combination of differ- 
ent pretilt angles between the substrates. The view- 
ing characteristic in a reference viewing direction per- 
pendicular to these reference viewing directions is re- 
alized by a combination of equal pretilt angles. Since 
the liquid crystal display apparatus of this invention 
has the above-described construction, the viewing 
characteristics in two or three directions can be made 



uniform. 




Between adjacent liquid crystal layer r gions 
having different aligning conditions, a liquid crystal 
layer region having qual pretilt angles on the pair of 

5 substrates is formed. The liquid crystal layer region 
having equal pretilt angles on the pair of substrates 
has a smaller area than the liquid crystal layer region 
having different aligning conditions., As the result of 
the construction, at the boundary between the differ- 

10 ent aligning conditions, there is no region in which the 
liquid crystal molecules do not stand up. Thus, a dis- 
clination line is not generated. 

in the liquid crystal display apparatus of the in- 
vention, the boundary between different aligning 

15 conditions on one substrate is disposed so as to div- 
ide one aligning condition on the other substrate. 
Thus, it is unnecessary to precisely align the boundar- 
ies with each other when the substrates are attached 
to each other during panel assembiy. Therefore, it is 

20 unnecessary to form a black matrix in view of the mis- 
alignment at the boundary, unlike the case in which 
the boundaries are aligned with each other. 

According to the invention, the boundaries be- 
tween a plurality of liquid crystal layer regions having 

25 different aligning conditions is formed continuously 
over at least two picture elements, so that the free en- 
ergy included in the boundary is decreased. Thus, the 
absorption of one aligning condition to another align- 
ing condition can be prevented. 

30 The boundary between a plurality of liquid crystal 
layer regions having different orientation directions in 
one picture element is parallel to the orientation direc- 
tion of liquid crystal molecules which are in contact 
with one substrate, so that the disorder of the liquid 

35 crystal orientation is suppressed. As a result, the gen- 
eration of a disclination line can be suppressed. 

If the boundary is covered with a light blocking 
film, the covered portion does not contribute the dis- 
play, irrespective of the generation of a disclination 

40 line. 

If the light blocking film is formed of the same ma- 
terial as that for the nonlinear element, additional 
processing is not required. 

Thus, the invention described herein makes pos- 

45 sible the advantages of (1) providing a liquid crystal 
display apparatus having a wide viewing angle with 
an improved display quality in which the viewing per- 
formance can be effectively improved, and a method 
for producing the liquid crystal display apparatus, and 

so (2) providing a liquid crystal display apparatus in 
which positive and negative viewing directions are 
readily formed in one and the same cell and a method 
for producing the liquid crystal display apparatus. 
These and other advantages of the present in- 

55 vention will become apparent to those skilled in th 
art upon reading and understanding the following de- 
tailed description with reference to th accompanying 
figures. 
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Figure 1A is a cross-sectional view showing a 
first exampl of an LCD of the invention. 

Figure 1B shows the relationship between the 
rubbing direction and the reference orientation direc- 
tion in the LCD shown in Figure 1 A. 

Figure 2A is a cross-sectional view showing a 
second example of an LCD of the inv ntion. 

Figure 2B shows the relationship between the 
rubbing direction and the reference orientation direc- 
tion in the LCD shown in Figure 2A. 

Figure 3A is a cross-sectional view showing a 
third example of an LCD of the invention. 

Figure 3B shows the relationship between the 
rubbing direction and the reference orientation direc- 
tion in the LCD shown in Figure 3A. 

Figures 4 and 5 are cross-sectional views show- 
ing modifications of the LCD of the invention. 

Figure 6 is a cross-sectional view showing a sixth 
example of an LCD of the invention. 

Figure 7 is a cross-sectional view showing a sev- 
enth example of an LCD of the invention. 

Figure 8 is a plan view showing an eighth exam- 
ple of an LCD of the invention. 

Figure 9 is a cross-sectional view of the LCD 
shown in Figure 8. 

Figure 10 is a plan view showing a modification 
of the eighth example of an LCD of the invention. 

Figure 11 is a plan view showing a ninth example 
of an LCD of the invention. 

Figure 12 is a cross-sectional view of the LCD 
shown in Figure 11. 

Figure 13 is a plan view showing a modification 
of the ninth example of the invention. 

Figure 14 is a plan view showing a modification 
of the ninth example of the invention. 

Figure 15 is a plan view showing a tenth example 
of an LCD of the invention. 

Figure 16 is a cross-sectional view of the LCD 
shown in Figure 15. 

Figure 17 is a plan view showing a modification 
of the tenth example of the invention. 

Figure 18 is a plan view showing a conventional 
LCD. 

Figure 19A is a cross-sectional view of the LCD 
shown in Figure 18. 

Figure 19B shows the relationship between the 
orientation direction of liquid crystal and the rubbing 
direction. 

Figure 20 shows the applied voltage to transmit- 
tance characteristics in a conventional normally white 
mode LCD. 

Figures 21 A, 21 B, and 21 C are diagrams for illus- 
trating the inversion phenomenon in an LCD. 



Hereinafter, the present invention will be descri- 
5 bed by way of illustrative xamples. 

Exampl 1 

In Example 1 . so as to form two liquid crystal lay- 
to er regions with different pretilt angles, portions hav- 
ing different pretilt angles are formed on one of the 
alignment films formed on the inwardly-facing surfac- 
es of a pair of substrates. Figure 1A schematically 
shows the aligning conditions of liquid crystal mote- 
ts cules in an LCD of this example. Various switching 
elements and electric wirings, and the like are not es- 
sential in this application, so that they are not shown 
in Figure 1 A. In this example, it is assumed that each 
of the liquid crystal layer regions indicated by (A) and 
20 (B) corresponds to one pixel region. 

The LCD includes, as shown in Figure 1A, a 
transparent base substrate 1 and a transparent coun- 
ter substrate 11 which is disposed so as to face the 
base substrate 1. Over the entire surface of the base 
25 substrate 1 , a transparent electrode 2 is formed. An 
alignment film 3 is formed over the entire surface of 
the base substrate 1 so as to cover the transparent 
electrode 2. Over the entire surface of the counter 
substrate 11 , a transparent electrode 12 is formed. An 
30 alignmentf ilm 13 is formed over the entire surface of 
the counter substrate 11 so as to cover the transpar- 
ent electrode 12. The alignment films 3 and 13 are 
subjected to the aligning treatment (e.g., the rubbing 
treatment). The base substrate 1 and the counter 
35 substrate 11 are arranged in such a construction that 
the alignment films 3 and 13 face each other and the 
liquid crystal which will be sealed between the sub- 
strates 1 and 11 should be left-handed 90° twisted. 
Then, into a gap between the substrates 1 and 11 
40 having the above-described construction, liquid crys- 
tal having a right-handed twist property is injected, so 
as to form a liquid crystal layer 4. The grades of inclin- 
ation of liquid crystal molecules 5 with respect to the 
surfaces of the alignmentf ilms 3 and 13 in the vicinity 
45 of the interface between the liquid crystal layer 4 and 
the alignment film3 and the interface between the liq- 
uid crystal layer 4 and the alignment film 13 corre- 
spond to pretilt angles 5 of the liquid crystal molecules 
5. 

so In this example, on the side of the alignment film 
3 formed on the base substrate 1, the pretilt angle 6 
of the liquid crystal molecules 5 in the liquid crystal 
layer region (A) is smaller than that in the liquid crystal 
layer region (B). On the side of the alignment film 13 

55 formed on the counter substrate 11, the pr tilt angle 
5 in the liquid crystal layer region (A) Is equal to that 
In the liquid crystal layer region (B). In addition, the 
pretilt angl 6 n the side of the alignm nt film 13 
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focmed on the counter substrate^B^pt to be larger 
than that in the liquid crystal layer region (A) on the 
side of the alignment film 3 formed on the base sub- 
strate 1. 

A method for producing the LCD is now descri- 
bed. 

Transparent electrodes 2 and 1 2 of ITO or the like 
are formed on the base substrate 1 and the counter 
substrate 11, respectively. Alignment films 3 and 13 
are formed so as to cover the transparent electrodes 
2 and 12 over the entire surfaces of the base sub- 
strate 1 and the counter substrate 11 , respectively. In 
this example, as a material of the alignmentf ilm, poly- 
imide which makes the pretilt angle 5 of liquid crystal 
molecules 5 to be 5° is used. Polyimide films are 
formed on the substrates 1 and 11 on which the trans- 
parent electrodes 2 ad 12 are formed, by spin coating, 
printing, or other methods. Then, the surface of the 
formed polyimide film is rubbed. Instead of polyimide, 
the alignment film may be formed of an organic ma- 
terial such as polyamide, polystyrene, poiyamidei- 
mide, epoxyacrylate, spiranacrytate, polyurethane, 
or the like. 

T hereafter, the polyimide film 3 on the base su b- 
strate 1 is selectively irradiated with ultraviolet rays, 
so as to fo rm two types of regions in wnicn ine pretilt 
angles 5 of liquid cr ystal molecules in contact with th e 
regions are oirrerent from each other. Specifically, 
the portion corresponding lu the liquid crystal layer 
region (B) of the polyimide film 3 is covered with a re- 
sist, so that only the portion corresponding to the liq- 
uid crystal layer region (A) is irradiated with the ultra- 
violet rays. As a result, the pretilt angle 5 of the liquid 
crystal molecules 5 which are in contact with the irra- 
diated portion of the polyimide film 3 becomes small- 
er than 5° in the portion which is not irradiated with the 
ultraviolet rays. In this example, the irradiation of ul- 
traviolet rays is performed so that the pretilt angle 5 
of the liquid crystal molecules 5 in contact with the ir- 
radiated portion is set to be 3.5°. An area of the irra- 
diated portion is made equal to that of the non-irradi- 
ated portion. To the polyimide film 13 on the counter 
substrate 11, the irradiation of ultraviolet rays is no t 
performed, so that the pretilt angles 5 are all set to be 
5° on the side of the counter substrate 1 1. 

Finally, the substrates 1 and 11 having the above- 
described construction are attached so as to face 
each other, and so as to correspond to the left- 
handed twist liquid crystal. Then, the liquid crystal 
having right-handed twist property is injected into the 
gap between the substrates 1 and 11. As a result, two 
liquid crystal layer regions, i.e., a liquid crystal layer 
region (A) in which the pretilt angle on the counter 
substrate 11 side is 5° and the pretilt angle n the 
base substrate 1 side is 3.5° and a liquid crystal layer 
region (B) in which the pretilt angles on both sides are 
equal to 5° are formed. 

Figure 1B shows the relationship between the 



rubbing dir ctions^H^13a on the alignment films 
3 and 13 and reference orientation dir ctions in the 
respectiv liquid crystal layer regions. In the liquid 
crystal cell which is obtained in the above-described 

5 manner, the orientation directions of liquid crystal 
molecules in the vicinity of th center of the liquid 
crystal lay r 4 along the thickness dir ction thereof 
are set in the following manner. In the liquid crystal 
layer region (A) in which the pretilt angle 5 on the 

10 counter substrate 11 side is larger, the liquid crystal 
is right-handed twisted, and the orientation direction 
of the liquid crystal molecules is substantially parallel 
to the substrate face in the vicinity of the center of the 
liquid crystal layer 4. During the voltage application, 

15 the standing of the liquid crystal molecules in the vi- 
cinity of the center is regulated by the alignment film 
13 on the counter substrate 11 having the larger pre- 
tilt angle 6. Accordingly, the in-plane orientation direc- 
tion of the liquid crystal molecules in the liquid crystal 

20 panel, i.e., the reference orientation direction is indi- 
cated by c A shown in Figure 1A and 1B. In the liquid 
crystal layer region (B) in which the pretilt angles 5 on 
both sides are equal to each other, although the liquid 
crystal has the right-handed twist property, the liquid 

25 crystal is regulated by the cell which is constructed so 
as to correspond to the left-handed twisted liquid 
crystal. As a result, the liquid crystal is left-handed 
twisted. Accordingly, during the voltage application, 
in Figure 1A, the front end of each liquid crystal mol- 

30 ecule 5 in the vicinity of the center points downwardly, 
and the other end thereof stands. Thus, the reference 
orientation direction of the liquid crystal layer region 
(B) is a direction Cb from the front side of the figure 
sheet to the other side, as shown in Figures 1 A and 

35 1B. The direction Cb is different from the reference 
orientation direction c A in the liquid crystal layer re- 
gion (A). 

In this example, in the liquid crystal layer region 
(A), the difference between the pretilt angle on the 

40 counter substrate 11 side and the pretilt angle on the 
base substrate 1 side is set to be 1.5°. if the differ- 
ence between the pretilt angles is made smaller than 
1.5°, a good orientation regulation by the alignment 
film having the larger pretilt angle cannot be per- 

45 formed. The maximum value of the pretilt angle (i.e., 
a pretilt angle obtained without the irradiation of ultra- 
violet rays) should be set smaller than 20°. If the pretilt 
angle is equal to or larger than 20°, the orientation di- 
rection of liquid crystal molecules in the vicinity of the 

so center cannot be regulated by the alignment film hav- 
ing the larger pretilt angle, even when the pretilt angle 
on one substrate side is set to be larger than that of 
the other substrate side, because the orientation reg- 
ulating pow r by the cell structure is stronger than the 

55 orientation regulating power by the alignment film 
having the larger pretilt angle. 

In this example, the material of liquid crystal in- 
jected into the gap between the base substrate 1 and 
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the counter substrate 11 and the co ations of th 
substrates 1 and 11 which are subjected to the align- 
ing treatment are selected so that the reference ori- 
entation direction c A in the liquid crystal layer region 
(A) is different from the reference orientation direc- 
tion c a in the liquid crystal layer region (B) by 90°. The 
reference orientation directions in the two regions are 
not necessarily selected from 3 o'clock, 6 o'clock, 9 
o'clock, and 12 o'clock directions. It is sufficient that 
the directions are different from each other by 90°. 
For example, they are selected as a direction indicat- 
ing 4:30 and a direction indicating 7:30. As described 
above, according to this example, two types of liquid 
crystal layer regions having different reference orien- 
tation directions by 90° are formed so as to have 
equal areas. Accordingly, the viewing characteristics 
viewed in the reference viewing directions which are 
different from each other by 90° are mixed at the ratio 
of 1:1, so that good viewing performance can be ob- 
tained. 

In this example, each of the liquid crystal layer re- 
gions (A) and (B) corresponds to one pixel region. Al- 
ternatively, if one pixel region is divided into two sub- 
regions which correspond to the liquid crystal layer re- 
gions (A) and (B), respectively, two different refer- 
ence orientation directions are formed in one pixel re- 
gion. Accordingly, a finer image can be realized. 

In the LCD of Example 1, the aligning condition 
on the counter substrate 11 side is entirely uniform, 
and two types of portions having different aligning 
conditions are provided on the base substrate 1 side. 
Accordingly, the liquid crystal layer 4 is divided into 
two types of regions having different reference orien- 
tation directions, by the boundary between the por- 
tions having different aligning conditions. Therefore, 
unlike the prior art in which regions having reference 
orientation directions different from each other by 
1 80° are formed, it is unnecessary to align the bound- 
ary between the portions having different aligning 
conditions on the counter substrate side with the 
boundary between the portions having different 
aligning conditions on the base substrate side when 
the substrates are attached to each other. As a result, 
it is unnecessary to form a black matrix which was 
formed in view of the possible misalignment in the pri- 
or art requiring the alignment of boundaries. There- 
fore, the opening ratio cannot be reduced. 

Example 2 

In an LCD of Example 2, three types of liquid 
crystal layer regions having different reference orien- 
tation directions are formed. Figure 2A shows a cross 
section of the LCD of this example. In this example, 
two types of portions having different aligning condi- 
tions are formed on the alignment film 3 on the base 
substrate 1 , and also two types f portions having dif- 
ferent aligning conditions are formed on the alignment 



film 13 on th counte strate 11. By the combina- 
tions of the aligning conditions of the substrates 1 and 
11, three types of liquid crystal layer regions (A), (B) f 
and (C) having different reference orientation direc- 

5 tions are form d. In this exampl , it is assumed that 
each of the liquid crystal layer regions (A), (B), and 
(C) corresponds to one pixel region. 

Transparent electrodes 2 and 12 are formed on 
the base substrate 1 and the counter substrate 11 , re- 

10 spectively. Polyimide films are formed so as to cover 
the transparent electrodes 2 and 12 over the entire 
surfaces of the base substrate 1 and the counter sub- 
strate 11, respectively. The polyimide films are rub- 
bed, so as to obtain alignment films 3 and 13. There- 

15 after, the alignment film 3 and 13 are partially covered 
with a resist, and then irradiated with ultraviolet rays. 
In this example, in both alignment f ilms, the area of 
the portion which is covered with the resist is set to 
be twice as large as the area of the portion which is 

20 irradiated with ultraviolet rays without the resist As a 
result, both in the alignment film 3 on the base sub- 
strate 1 and in the alignment film 13 on the counter 
substrate 11, two types of portions having different 
aligning conditions are formed. In this example, the 

25 same polyimide film as that used in Example 1 is used 
as the alignment film, so that the pretilt angle 5 of liq- 
uid crystal molecules which are in contact with the 
portion which is not irradiated with ultraviolet rays of 
the polyimide film is 5°. In this example, the irradia- 

30 tion of ultraviolet rays is performed so that the pretilt 
angle of the liquid crystal molecules in contact with 
the irradiated portion is set to be 3.5°. 

The substrates 1 and 11 having the above- 
described construction are attached so that the rub- 

35 bing directions for the substrates 1 and 11 will corre- 
spond to the left-handed twisted liquid crystal and so 
that the boundary between portions having different 
aligning conditions on one substrate divides the por- 
tion which is not irradiated with ultraviolet rays (the 

40 portion having the larger pretilt angle) on the other 
substrate into two substantially equal parts. Also, the 
substrates 1 and 11 are attached to each other so as 
to set the faces on which the alignment films are 
formed inwardly. Finally, liquid crystal having right- 

45 handed twist property is injected into the gap be- 
tween the substrates 1 and 11. As a result, a liquid 
crystal layer region (A) in which the pretilt angle on 
the counter substrate 11 side is smaller than that on 
the base substrate 1 side, a liquid crystal layer region 

so (B) in which the pretilt angles on both sides are equal, 
and a liquid crystal layer region (C) in which the pretilt 
angle on the counter substrate 11 side is larger than 
that on the base substrate 1 side are formed. 

Figure 2B shows the relationships betw en the 

55 rubbing directions 3a and 13a on the alignment films 
3 and 13 and reference orientation directions in the 
respective liquid crystal layer regions. In the liquid 
crystal cell which is obtained in the above-described 
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manner, th orientation directions^FKquid crystal 
molecules in th vicinity of the center f the liquid 
crystal layer 4 along the thickness direction thereof 
are set in the following manner. In the liquid crystal 
lay r region (A), since the pretilt angle on the base 5 
substrate 1 side is larg r than that on the counter sub- 
strate 11 side, the liquid crystal is right-handed twist- 
ed, and the orientation direction of the liquid crystal 
molecules is substantially parallel to the substrate 
face in the vicinity of the center of the liquid crystal 10 
layer. The in-plane orientation direction of the liquid 
crystal molecules in the liquid crystal panel in the vi- 
cinity of the center in the region (A) is a direction in- 
dicated by c A shown in Figures 2A and 2B. In the liq- 
uid crystal layer region (B) in which the pretilt angles 15 
on both sides are equal to each other, although the liq- 
uid crystal has the right-handed twist property, the 
liquid crystal is regulated by the cell, so as to corre- 
spond to the left-handed twisted liquid crystal. As a 
result, the liquid crystal is left-handed twisted. Ac- 20. 
cordingly, the reference orientation direction in the liq- 
uid crystal layer region (B) is the direction Cs from the 
front side of the figure sheet to the other side, as 
shown in Figures 2A and 2B. In the liquid crystal layer 
region (C), since the pretilt angle on the counter sub- 25 
strate 11 side is larger than that on the base substrate 
1 side, the liquid crystal is right-handed twisted, as in 
the liquid crystal layer region (A). However, the rela- 
tionship of the magnitude between the pretilt angles 
on the substrates 1 and 11 in the liquid crystal layer 30 
region (C) is reversed from that in the liquid crystal 
layer region (A), so that the reference orientation di- 
rection cc in the liquid crystal layer region (C) is dif- 
ferent from the reference orientation direction c A in 
the liquid crystal layer region (A), by 180°. In this ex- 35 
ample, the material of liquid crystal and the combin- 
ations of the substrates 1 and 11 which are subjected 
to the aligning treatment are selected so that the ref- 
erence orientation direction Cq in the liquid crystal lay- 
er region (B) is different from both the reference ori- 40 
entation directions c A and Cc in the liquid crystal layer 
regions (A) and (C) by 90°. 

As described above, in this example, three differ- 
ent reference orientation directions can be obtained in 
one liquid crystal cell. The three reference orientation 45 
directions are different from each other by 90°, e.g., 
9 o'clock, 1 2 o'clock, and 3 o'clock directions. Also as 
described above, the substrates 1 and 11 are com- 
bined in such a manner that the boundary at which the 
aligning condition is changed on one substrate div- so 
ides the portion which is not irradiated with ultraviolet 
rays on the other substrate into two equal parts. Ac- 
cordingly, it is possible to obtain the liquid crystal lay- 
er regions (A), (B), and (C) which have substantially 
equal areas. Thus, the viewing characteristics viewed 55 
in the directions, e.g., 9 o'clock, 12 o'clock, and 3 
o'clock are mixed at the rati f 1:1:1, so that good 
viewing performance can be obtained. 



In this example, ^Brof the liquid crystal layer re- 
gions (A), (B), and (C) corresponds to one pix I re- 
gion. Alternatively, if one pixel region is divided into 
sub-regions which correspond to the liquid crystal 
layer regions (A), (B), and (C), respectively, three dif- 
ferent reference orientation directions are formed in 
one pix I region. Accordingly, a finer image can be re- 
alized. 

In the LCD of Example 2, the substrates are dis- 
posed in such a manner that the boundary between 
the different aligning conditions on one substrate 
side divides one aligning condition on the other sub- 
strate side, so that it is unnecessary to align the boun- 
daries with each other when the substrates are at- 
tached to each other and assembled into a panel. As 
a result, it is unnecessary to form a light blocking film 
which was formed in view of the possible misalign- 
ment in the prior art requiring the alignment of boun- 
daries. Therefore, the reduction in opening ratio can 
be prevented. 

Example 3 

In an LCD of Example 3, three types of liquid 
crystal layer regions having reference orientation di- 
rections which are different from each other are 
formed, as in Example 2. In Example 2, the portions 
having different aligning conditions are formed on 
both sides of the base substrate 1 and the counter 
substrate 11. In Example 3, unlike Example 2, only 
the aligning condition on the base substrate 1 side is 
varied in three grades. Figure 3A shows a cross sec- 
tion of the LCD of this example. Each of the liquid 
crystal layer regions (A), (B), and (C) corresponds to 
one pixel region. 

A method for producing the LCD in this example 
is now briefly described. First, a transparent elec- 
trode 2 is formed on a base substrate 1. Then, a poly- 
imide is applied onto the entire surface of the sub- 
strate so as to cover the transparent electrode 2, and 
then cured. The polyimide film is rubbed so as to ob- 
tain an alignment film 3. In this example, a polyimide 
film which provides a pretilt angle of 8° when it is not 
irradiated with ultraviolet rays is used as the align- 
ment film 3. Then, a 1/3 portion of the polyimide film 
is covered with a resist, and the remaining 2/3 portion 
is irradiated with ultraviolet rays. In this irradiation, 
the intensity of ultraviolet rays is set to be 5 - 1 0 J/cm 2 , 
whereby the pretilt angle 6 of liquid crystal molecules 
which are in contact with the irradiated portion is 
changed from 8° to 4°. Then, a half of the irradiated 
portion is covered with a resist That is, the 2/3 portion 
including the portion which was previously covered is 
now covered with the resists. The remaining 1/3 por- 
tion is irradiated with ultraviolet rays having the inten- 
sity of 5 - 10 J/cm 2 . Thus, the pretilt angle 5 Is further 
decreased. In this process, the 1/3 port! ns which are 
adjacent to each other are covered with the resists. 
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In'this example, th second irradii^P f ultraviolet 
rays results in the decrease f the pretilt angle 6 of liq- 
uid crystal molecules from 4° to 1° or less. 

Also, an alignment film 13 is formed on the coun- 
ter substrate 11 . Unlike Example 2, the alignment film 
1 3 is not irradiated with ultraviolet rays. The alignment 
film 13 employed is a polyimide film which provides 
a pretilt angle which is equal to the middle one of the 
three grades of pretilt angles which are realized by the 
alignment film 3 on the base substrate 1, when the 
polyimide film is not irradiated with ultraviolet rays. In 
this example, as the alignment film 13, a material by 
which a pretilt angle of 4° is obtained when it is not ir- 
radiated with ultraviolet rays. Similarly to Examples 1 
and 2, in this example, the pretilt angle 5 is set to be 
smaller than 20°, and the difference between the pre- 
tilt angles on the base substrate 1 and the counter 
substrate 11 is set to be equal to or larger than 1.5°. 

Finally, the substrates 1 and 11 on which the 
alignmentf ilms are formed respectively are combined 
so as to adapt the rubbing directions 3a and 13a for 
the substrates 1 and 11 to the left-handed twisted liq- 
uid crystal (see Figure 3B). Into a gap between the 
combined substrates 1 and 11, liquid crystal having 
right-handed twist property is injected. As a result, a 
liquid crystal layer region (A) in which the pretilt angle 
on the counter substrate 11 side is smaller than that 
on the base substrate 1, a liquid crystal layer region 
(B) in which the pretilt angles in both substrates are 
equal to 4°, and a liquid crystal layer region (C) in 
which the pretilt angle on the counter substrate 11 
side is larger than that on the base substrate 1 side 
are formed. 

Figure 3B shows the relationship between the 
rubbing directions 3a and 13a on the alignment films 
3 and 13 and reference orientation directions in the re- 
spective liquid crystal layer regions. In the liquid crys- 
tal panel which is obtained in the above-described 
manner, the reference orientation directions in the liq- 
uid crystal regions (A), (B), and (C) are set in the same 
manner as in Example 2. Specifically, in the liquid 
crystal layer region (A), since the pretilt angle on the 
base substrate 1 side is larger than that on the coun- 
ter substrate 11 side, the liquid crystal is right-handed 
twisted, and the in-plane orientation direction in the 
substrate (the reference orientation direction) of the 
liquid crystal molecules in the vicinity of the center is 
the direction indicated by c A . In the liquid crystal layer 
region <B), the reference orientation direction is the di- 
rection indicated by c* In the liquid crystal layer re- 
gion (C), the reference orientation direction is the di- 
rection indicated by Cq. It is preferred that the twist an- 
gles, the rubbing angles and the like of liquid crystal 
are set so that the reference ori ntatlon direction ce 
in the liquid crystal layer region (B) is different from 
both the reference orientation directions c A and Cc in 
the liquid crystal layer regions (A) and (C), respective- 
ly, by 90°. 



In this exampl aVell as Example 2, three dif- 
f rent reference orientation directions can b ob- 
tain d in one liquid crystal panel. As described above, 
the liquid crystal layer regions are formed so as to 

5 have equal areas, so the viewing characteristics 
viewed in th three reference viewing dir ctions are 
mixed at the ratio of 1:1:1 and mad uniform, so that 
good viewing performance can be obtained. If one 
pixel region is divided into a plurality of sub-regions 

10 which correspond to the three types of liquid crystal 
layer regions, respectively, three different reference 
orientation directions are formed in one pixel region. 
Accordingly, a finer image can be realized. 

In this example similar to Example 1, the aligning 

15 condition on the counter substrate 11 side is set to be 
uniform, and the liquid crystal layer 4 is divided into 
three liquid crystal layer regions by boundaries be- 
tween portions having different aligning conditions of 
the alignment film 3 on the base substrate 1 side. 

20 Thus, it is unnecessary tp align the boundary on the 
base substrate 1 side with the boundary on the coun- 
ter substrate 11 side when the substrates are attach- 
ed to each other and assembled into a panel. As a re- 
sult, it is unnecessary to form a black matrix which 

25 was formed in view of the possible misalignment in 
the prior art Therefore, the reduction in the opening 
ratio can be prevented. 

Example 4 

30 

In Example 4, in the LCD in Examples 2 and 3, the 
liquid crystal layer region (B) in which the pretilt angle 
on the base substrate 1 side is equal tp the pretilt an- 
gle on the counter substrate 11 side is provided at the 

35 boundary between the liquid crystal layer region (A) 
in which the pretilt angle on the base substrate 1 side 
is larger and the liquid crystal layer region (C) in which 
the pretilt angle on the base substrate 1 side is small- 
er. The ratio in area of the liquid crystal layer region 

40 (B) in the substrate is set to be substantially 10% of 
the area of the liquid crystal layer region (A) or (C). 
The area of the liquid crystal layer region (B) is too 
small to contribute to the viewing characteristics of 
the liquid crystal panel. Due to such a construction, 

45 it is possible to substantially prevent the generation of 
disciination at the boundary between liquid crystal 
layer regions having different aligning conditions, 
which constitutes a problem when a liquid crystal lay- 
er region in which the pretilt angle on the base sub- 

so strate 1 side is larger is adjacent to a liquid crystal lay- 
er region in which the pretilt angle on the base sub- 
strate 1 side is smaller, so as to form reference orien- 
tation directions which are different from each other 
by 180°. 

55 In the above-described method in which the view- 
ing performance is improved by forming reference ori- 
ntation dir ctions different from each other by 1 80° 
in one and the same panel, the disciination is gener- 
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ated at the boundary between the crystal layer 
regions having different reference orientation direc- 
tions, which caus s the contrast to b d graded. 
However, in this example, in all portions at the bound- 
ary between liquid crystal layer regions having adja- 
cent reference orientation directions, liquid crystal 
molecules stand, so that the disdination tine is not ob- 
served. Therefore, even in the normally white mode, 
it is not necessary to provide a light blocking film for 
suppressing the light transmission due to the disdin- 
ation. Thus, the opening ratio is not reduced, and 
hence a bright screen display can be obtained. 

Next, a modification of Examples 1 to 4 will be de- 
scribed with reference to Figure 4. In the modification 
shown in Figure 4, the alignment film 3 on the base 
substrate 1 is partially irradiated with ultraviolet rays, 
so that a chemical change occurs in the surface of the 
irradiated portion. As a result, a portion having a 
smaller pretilt angle than an inherent pretilt angle is 
formed. On the counter substrate 11, the alignment 
film 13 is formed of a material having a pretilt angle 
which is smaller than the inherent pretilt angle of the 
alignment film 3 on the base substrate 1 and is larger 
than the pretilt angle obtained as the result of the ir- 
radiation of ultraviolet rays. At this time, as in Exam- 
ple 1, the alignment film 13 on the counter substrate 
11 is not irradiated with ultraviolet rays. As the align- 
ment film 3 on the base substrate 1, a polyimide film 
having a pretilt angle of 6° is used. The polyimide film 
is covered with a photomask, and then irradiated with 
ultraviolet rays of 10 to 30 J/cm 2 , so that the pretilt an- 
gle is set to be 1° or a smaller angle. For the alignment 
film 13 on the counter substrate 11, the pretilt angle 
is set to be 3°. 

The substrates 1 and 11 having the above- 
described constructions are attached to each other 
so that the rubbing directions are adapted to the left- 
hand twisted liquid crystal. Then, liquid crystal having 
the right-handed twist property is injected into a gap 
between the substrates 1 and 11. In this way, it is pos- 
sible to obtain an LCD in which two grades of pretilt 
angles which are larger and smaller than the pretilt 
angle on the counter substrate 11 side are provided 
on the base substrate 1 side, while the aligning con- 
dition on the counter substrate 11 side is entirely uni- 
form. The reference orientation directions in the two 
liquid crystal layer regions having different pretilt an- 
gles on the base substrate 1 side are different from 
each other by 180°. Therefore, the viewing character- 
istics in both the positive and negative viewing direc- 
tions are mixed and made uniform in the LCD shown 
in Figure 4, so that good viewing performance can be 
obtained. Each of the portions having different align- 
ing conditions on the base substrate 1 side may cor- 
respond to on pixel region. Alternatively, portions 
having different aligning conditions are formed in one 
pixel region. In the latter construction, a finer image 
can be obtained. 



In th LCD showl^Figure 4, the substrates are 
disposed in such a manner that the boundary be- 
tween the different aligning conditions on one sub- 
strate side divides one aligning condition on the other 
5 substrate side, so that it is unnecessary to align the 
boundaries with each other when the substrates are 
attached to each other and assembled into a panel, 
unlike the prior art As a result, it is. unnecessary to 
form a black matrix which was formed in case of the 
10 possible misalignment Therefore, the alignment of 
the substrates is the same as in the prior art, and the 
opening ratio is not reduced. 

In cases where the partial aligning treatment can- 
not be performed on one substrate, a liquid crystal 
15 panel having superior viewing characteristics can be 
obtained according to the invention. This can be, for 
example, applied to the cases where a color filter is 
provided on the substrate. In general, a color filter 
has a poor light resistance, and hence the color filter 
20 is not suitable for the division of the aligning condi- 
tions with light irradiation. In addition, since a trans- 
parent electrode (ITO) is formed on the color filter, it 
is difficult to perform the patterning of the transpar- 
ent electrode, and the like. In such a case, if it is as- 
25 sumed that the LCD is of the active matrix type, a se- 
lective irradiation is performed on the TFT substrate 
side. Thus, a region having a larger pretilt angle (the 
inherent pretilt angle) and a region having a smaller 
pretilt angle as the result of the irradiation are formed. 
30 On the color filter substrate, an alignment film having 
a pretiit angle which is smaller than the inherent pretilt 
angle of the TFT substrate side is formed. At this time, 
it is necessary to set the pretilt angle on the colorf ilter 
substrate side larger than the smaller pretilt angle on 
35 the TFT substrate side. When these substrates are 
combined, the reference orientation direction of liquid 
crystal between the substrates is regulated by the 
substrate with the larger pretilt angle. Accordingly, in 
the liquid crystal layer region in which the pretilt angle 
40 on the TFT substrate side is larger, the reference ori- 
entation direction is regulated by the TFT substrate. 
In the liquid crystal layer region in which the pretilt an- 
gle on the TFT substrate side is smaller, the orienta- 
tion direction is regulated by the color filter substrate. 
45 As a result reference orientation directions different 
from each other by 180° can be formed in the LCD. 
By using this method, the aligning dividing treatment 
is performed for only one substrate, so 'that the proc- 
ess can be simplified. 
50 Next another modification will be described with 

re f erenc e to Figure 5. In the LCD shown in Figure 5, 
the division of aligning conditions is performed on 
both the alignment film 3 on the base substrate 1 and 
the alignment film 13 on the counter substrate 11. In 
55 this case, for example, regions having different pretilt 
angles a, b, and are formed on one substrate, and 
regions having different pretilt angles d and are 
formed on the other substrate. Herein, the pretilt an- 
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gles a to e satisfy the condition of > b > e > c. 
When such substrates are combined, a unit liquid 
crystal layer region is divided into four regions, and 
two orientation directions are alternately arranged. 
Therefore, it is possible to obtain a finer image as 
compared with the case of the light irradiation using 
a photomask. 

In this modification, an even number of portions 
having different pretilt angles are formed on the align- 
ment film on one substrate side, and an odd number 
of portions having different pretilt angles are formed 
on the alignment film on the other substrate side. 
Specifically, as shown in Figure 5, two portions hav- 
ing different pretilt angles are formed on the align- 
ment film 3 on the base substrate 1 side, and three 
portions having different pretilt angles are formed on 
the alignment film 13 on the counter substrate 11 
side. In a method for forming three portions having 
different aligning conditions in the alignment film 13, 
as described in Example 3, a 1/3 portion of the entire 
surface is first covered with a photomask. Then, the 
remaining 2/3 portion is irradiated with ultraviolet rays 
of 5 J/cm 2 . Next, a half of the irradiated portion is cov- 
ered with a photomask, i.e., the total 2/3 portion in- 
cluding the portion which is previously covered is cov- 
ered with the photomask. Then, the remaining 1/3 
portion is irradiated with ultraviolet rays of 5 J/cm 2 . As 
a result, a non-irradiated portion, an irradiated portion 
with ultraviolet rays of 5 J/cm 2 , and an irradiated por- 
tion with ultraviolet rays of 10 J/cm 2 are obtained. In 
this modification, the employed alignment film 13 on 
the counter substrate 11 side is a polyimide film hav- 
ing a pretilt angle of 9° without the irradiation of ultra- 
violet rays. The polyimide film is subjected to the 
above-described process, so that a portion having a 
pretilt angle of 9°, a portion having a pretilt angle of 
5°, and a portion having a pretilt angle of 1° are 
formed. 

In the alignment film 3 on the base substrate 1 
side, a half of the surface is covered with a photo- 
mask, and then the remaining portion is irradiated 
with ultraviolet rays. As a result, two portions having 
different aligning conditions are formed. As the align- 
ment film 3 on the base substrate 1 side, a material 
having a pretilt angle which has a value between the 
largest pretilt angle and the second largest pretilt an- 
gle on the counter substrate 11 side, without the irra- 
diation of ultraviolet rays. In this modification, a poly- 
imide film having the inherent pretilt angle of 7° is 
used, and a half of the film is irradiated with ultraviolet 
rays of about 5 J/cm 2 . As a result, the pretilt angle is 
set to be 3°. 

Finally, the substrates 1 and 11 are combined in 
such a manner that the rubbing directions are adapt- 
ed to the left-handed twisted liquid crystal and the 
boundary between different aligning conditions on 
the base substrate 1 side divides the portion having 
the middle pr tilt angle (herein, 5°) n the counter 



substrate 11 side. , liquid crystal with right- 
hand d twist property is injected into a gap between 
the substrates 1 and 11. As a result, as shown in Fig- 
ure 5, four liquid crystal layer regions (A), (B), (C), and 

5 (D) are obtained. 

In the liquid crystal layer region (A), the pretilt an- 
gles on the counter substrate 11 side and the base 
substrate 1 side ar 9° and 7°, respectively. It is ap- 
parent that the pretilt angle on the counter substrate 

10 11 side is larger. In the liquid crystal layer region (C), 
the pretilt angles on the counter substrate 11 side and 
the base substrate 1 side are 5° and 3°, respectively. 
It is apparent that the pretilt angle on the counter sub- 
strate 11 side is larger. Accordingly, in these regions 

15 (A) and (C), the standing of the liquid crystal mole- 
cules in the vicinity of the center of the liquid crystal 
layer 4 is regulated by the alignment film 13 on the 
counter substrate 11. On the other hand, in the liquid 
crystal layer regions (B) and (D), the pretilt angle on 

20 the base substrate 1 side is larger. Thus, the standing 
of the liquid crystal molecules in the vicinity of the 
center of the liquid crystal layer 4 is regulated by the 
alignment film 3 on the base substrate 1 . Accordingly, 
reference orientation directions different from each 

25 other by 180° can be alternately obtained in one and 
the same liquid crystal panel. Each of such liquid 
crystal layer regions may correspond to one pixel re- 
gion. Alternatively, one pixel region may be divided 
into a plurality of sub-regions which correspond to the 

30 liquid crystal layer regions, respectively. In such a 
case, a finer image can be obtained. 

In the LCD shown in Figure 5, the pretilt angles 
on the substrate sides are not limited to the above- 
described specific values. If the pretilt angles are se- 

35 lected so that they satisfy the above-defined relation- 
ship in magnitude, and the difference between adja- 
cent pretilt angles is 3° and the difference between 
opposing pretilt angles is 1 .5°, a good orientation con- 
trol can be performed. If the pretilt angle exceeds 20°, 

40 the orientation regulation power in the entire liquid 
crystal cell becomes stronger than the orientation 
regulation power of the alignment film having the larg- 
er pretilt angle. Thus, it becomes impossible to con- 
trol the alignment of liquid crystal by the alignment 

45 film having the larger pretilt angle. Therefore, it is nec- 
essary to set the maximum value of the pretilt angle 
to be 20° or less. 

Alternatively, for example, one substrate has four 
aligning conditions and pretilt angles of 10°, 7°, 4°, 

so and 1°, and the other substrate has three aligning 
conditions and pretilt angles of 8,5°, 5.5°, and 2.5°. Al- 
ternatively, for example, one substrate has seven 
aligning conditions and pretilt angles of 1 9°, 1 6°, 1 3°, 
10°, 7°, 4°, and 1°, and the other substrate has six 

55 aligning conditions and pretilt angles of 17.5°, 14.5°, 
11.5°, 8.5°, 5.5°, and 2.5°. In this way, by dividing the 
aligning condition into a larger number of aligning 
conditions, a finer image can be obtained. 
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* In th above-described examp^phe irradiation 
of ultraviolet rays is used for changing th aligning 
condition. It is assumed that the pretilt angle is 
changed by the irradiation of ultraviolet rays for the 
following possible reasons. 

If the polyimidefilm is supplied with a high energy 
by the irradiation of ultraviolet rays, th chemical 
structure of the surface of th polyimide film is 
changed. More specifically, when the polyimide film 
is irradiated with ultraviolet rays, 0 3 (ozone) is gener- 
ated. The 0 3 oxidizes alkyl radicals of polyimide, so 
as to produce carbonyl radicals. Due to the carbonyl 
radicals, the polarity of the surface of the polyimide 
film is changed, and the pretilt angle of liquid crystal 
molecules which are polar molecules is also changed. 

The surface tension of the polyimide film is 
changed by the irradiation of ultraviolet rays, so that 
the pretilt angle is changed. 

In another mechanism, when the polyimide film 
is irradiated with ultraviolet rays, the degree of rough- 
ness of the alignment film surface is changed. Such 
variation of degree of roughness of the alignment film 
surface is experimentally confirmed. It is also exper- 
imentally confirmed that the pretilt angle is changed 
due to such variation. 

Example 5 

In this example, the aligning conditions on each 
substrates are changed by a method other than the 
irradiation of ultraviolet rays. In this example, the 
alignment film surface in which a plurality of portions 
having different aligning conditions are to be formed 
is in contact with 0.5% NaOH aqueous solution. By 
utilizing the non-uniform solubility of the solution to 
the alignment film, a desired degree of roughness is 
formed on the alignment film surface. Instead of the 
alkaline solution such as an NaOH aqueous solution, 
it is possible to use an acidic solution containing a hy- 
drofluoric acid, a nitric acid or both of them as the 
main component Alternatively, instead of such solu- 
tions, if ozone or ammonia gas, which is a reaction 
gas, is in contact with the alignment film surface, a 
desired degree of roughness is formed on the align- 
ment film surface. Alternatively, if the surface of the 
alignment film is subjected to a plasma treatment us- 
ing a gas which is selected from a group of oxygen 
(OJ, argon (Ar), krypton (Kr), and the like, it is possi- 
ble to form the roughness on the alignment film sur- 
face. 

As the result of the above-described process, va- 
rious patterns of different aligning conditions may be 
obtained. For example, on each of the surfaces of the 
alignment films on the base substrate sid and the 
counter substrate side, two types of portions having 
different degrees of roughness are alternately formed 
by the above-described method. The substrates are 
combined so as to align the boundaries between the 



two types of portion^^uch a manner that the por- 
tion which is highly roughed on one substrate faces 
the portion which is not so rough d on the other sub- 
strate. As a r suit, a liquid crystal layer region in which 

5 the pretilt angl onth counter substrate side is larger 
than that on the base substrate and a liquid crystal 
layer region in which the pretilt angle on the counter 
substrate side is smaller than that on the base sub- 
strate are alternately formed. Therefore, two types of 

10 regions having reference orientation directions which 
are different from each other by 180° can be alter- 
nately formed in one and the same liquid crystal pan- 
el. 

Alternatively, for example, the surface of one 

15 alignment film is partially roughed, so as to form two 
types of portions having different aligning conditions. 
On one substrate, an alignment film having an inter- 
mediate degree of roughness between the two de- 
grees of roughness on the facing alignment film is 

20 formed. As a result, a liquid crystal layer region in 
which the pretilt angle on one substrate is larger than 
that on the other substrate and a liquid crystal layer 
region In which the pretilt angle on one substrate is 
smaller than that on the other substrate are formed in 

25 one and the same liquid crystal panel. The latter 
method has an advantage in that it is unnecessary to 
align the boundaries between the portions having dif- 
ferent aligning conditions when the substrates are 
combined. At this time, each liquid crystal layer region 

30 may correspond to one pixel region. Alternatively, a 
plurality of such liquid crystal layer regions may be 
provided in one pixel region. 
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Example 6 



In Example 6, another method for forming rough- 
ness on the surface of the alignment film will be de- 
scribed. Figure 6 simply shows a substrate 1 (11) in 
this example. Over the entire surface of the transpar- 

40 ent substrate 1 (11), a transparent conductive film 2 
(12) is formed. Over the entire surface of the trans- 
parent conductive film 2 (12), an alignmentfilm 3 (13) 
is formed. Example 6 is different from Example 5 in 
the following point In Example 5, the surface of the 

45 alignmentfilm 3 (13) is roughed in a direct way. In Ex- 
ample 6, the roughness is formed on the transparent 
conductive film 2 (12), and the alignment film 3 (13) 
is formed by printing thereon. Thus, the surface of the 
alignmentfilm 3 (13) is made rough. 

50 The formation of the roughness on the surface of 
the transparent conductive film 2 (12) is performed by 
first forming the transparent conductive film 2 (12) on 
the transparent substrate 1 (11), and then etching the 
surface of the transparent conductive film 2 (12) with 

55 an acidic solution or an alkaline solution. Alternative- 
ly, by performing a plasma treatment for the surface 
of the transparent conductive film 2 (12) with a gas 
which is selected from a group of 0 2 , Ar, Kr, and the 
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tike, the surface of the transparent uctive film 2 
(12) can be made rough. Alt rnattv ly ( the roughness 
may be form d by contacting a reaction gas. On the 
transparent conductive film 2 (12) of which the sur- 
face is roughed, the alignment film 3 (13) is formed by 
printing. Accordingly, th surface of th alignment 
film 3 (13) has the same degree of roughness as that 
of the surface of the transparent conductive film 2 
(12). 

If a resist is used when the roughness is directly 
formed on the surface of the alignment film or when 
the condition of the alignment film surface is changed 
as in the above-described examples, there exist prob- 
lems in that the surface of the alignment film is con- 
taminated by the resist, and the orientation regulating 
power of the alignment film is degraded. However, in 
this example, the roughness is first formed on the sur- 
face of the transparent conductive film 2 (12), and the 
roughness is transferred to the surface of the align- 
ment film 3 (13). Therefore, in this example, such 
problems of the contamination of the alignment film 
surface by the resist and the degradation of orienta- 
tion regulating power by the alignment film cannot oc- 
cur. 

In the method of Example 6 in which the rough- 
ness is formed on the film 2 (1 2) which is disposed un- 
der the alignment film 3 (13) and the roughness is 
transferred to the surface of the alignment film 3 (13) 
so as to control the aligning characteristics, the un- 
derlying film may be made of any material as far as 
the degree of roughness of the surface of the under- 
lying film can be locally changed. Alternatively, a lay- 
er disposed under the transparent conductive film 2 

(12) may be subjected to the surface treatment, and 
the roughness of the alignment film 3 (13) may be 
eventually controlled by the underlying layer. 

The degree how the roughness of the surface of 
the transparent conductive film 2 (12) is transferred 
to the surface of the alignment film 3 (13) can be con- 
trolled by the film thickness of the alignment film 3 

(13) . That is, if the alignment film 3 (13) is thin, the 
roughness of the transparent conductive film 2 (12) is 
substantially kept in the surface of the alignment film 
3 (13). Thus, the surface of the alignment film 3 (13) 
may have substantially the same degree of rough- 
ness as that of the transparent conductive film 2 (12). 
In the case where the alignment film 3 (13) is thick, 
even when the transparent conductive film 2 (12) has 
a higher degree of roughness, the degree of rough- 
ness formed in the surface of the alignmentf ilm 3 (13) 
is lower than that in the transparent conductive film 
2 (12). Therefore, by appropriately selecting the thick- 
ness of the alignment film 3 (13), a desired degree of 
roughness can be obtained. Th thickness of the 
alignmentf ilm 3 (13) can be reduced, for example, by 
the irradiation of ultraviolet rays r by performing the 
development using photolithography for a longer time 
period than usual. 



The portions hav^^lifferent degrees of rough- 
ness formed in the surface of the transparent conduc- 
tive film 2 (12) may be formed in such a patt rn that 
each portion corresponds to one pixel portion. Alter- 

5 natively, in on pixel region, a plurality of portions 
having different degrees of roughness may be 
formed. The variation pattern of degrees of rough- 
n ss in the surface of the transparent conductive film 
2 (12) may be determined correspondingly to the pat- 

10 tern to be formed on the surface of the alignment film 
3(13). 

The thus obtained substrates 1 and 11 are at- 
tached to each other as described in the above exam- 
ples, and liquid crystal is injected into a gap between 

15 the substrates 1 and 11. As a result, in one liquid crys- 
tal cell, a liquid crystal layer region in which the pretilt 
angle on the counter substrate 11 side is larger than 
that on the base substrate 1 side, a liquid crystal layer 
region in which the pretilt angle on the counter sub- 

20 strate 11 side is smaller than that on the base sub- 
strate 1 side, and a liquid crystal layer region in which 
the pretilt angles on the substrates 1 and 11 sides are 
equal to each other can be formed in a desired pattern 
so as to have desired areas, respectively. Therefore, 

25 according to this example, in one and the same liquid 
crystal cell, a plurality of reference orientation direc- 
tions including reference orientation directions which 
are different from each other by 180° can be formed. 
As a result, superior viewing performance can be ob- 

30 tained. 

Example 7 

In this example, similar to Example 6, the rough- 

35 ness is provided not on the surface of the alignment 
film 3 (13) but on the surface of the transparent con- 
ductive film 2 (12), and thus substantially the same 
degree of roughness as in the transparent conductive 
film 2 (12) is provided on the surface of the alignment 

40 film 3 (13). This example is different from Example 6 
in the following point In this example, after the rough- 
ness is formed on the surface of the transparent con- 
ductive film 2 (12), an insulating film 43 is partially 
formed on the transparent conductive film 2 (12). Fig- 

45 ure 7 simply shows a substrate of this example. As 
shown in Figure 7, a transparent conductive film 2 
(12) is formed over the entire surface of a transparent 
substrate 1 (11). On the transparent conductive film 
2 (12), an insulating film 43 is partially formed. Then, 

50 an alignment film 3 (13) is formed thereon over the 
entire face of the substrate. As for the material of the 
insulating film 43, silicon nitride, silicon oxide, or the 
like is used. In a portion of the surface of the align- 
ment film 3 (13) corresponding to the edge of the in- 

55 sulating film 43, not only the surface condition of the 
insulating film 43, but also the difference in level be- 
tween the surface of the insulating film 43 and the 
transparent conductive film 2 (12) appear as larg 
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roughness. To the surface of the pd^^i of th align- 
ment film 3 (13) positioned above the surface of the 
insulating film 43, the degree of roughn ss formed on 
the surface of th transparent conductive film 2 (12) 
is not transferred. Thus, the surface of the portion of 
the alignment film 3 (13) positioned above the sur- 
face of the insulating film 43 has a condition depend- 
ing on the surface condition of the insulating film 43. 

In the above-described manner, in this example 
as well as in the above-described examples, the sur- 
face of the alignment film 3 on the base substrate 1 
or the alignment film 13 on the counter substrate 11 
can be set to have desired aligning conditions. Then, 
the base substrate 1 and the counter substrate 11 
which are processed as described above are attach- 
ed to each other, and liquid crystal is injected into a 
gap between the substrates 1 and 11. As a result, a 
liquid crystal layer region in which the pretiit angle on 
the counter substrate 11 side is larger, a liquid crystal 
layer region in which the pretiit angle on the base sub- 
strate 1 side is larger, and a liquid crystal layer region 
in which the pretiit angles on both substrate sides are 
equal to each other are formed in a desired pattern so 
as to have desired areas, respectively. Therefore, in 
one and the same liquid crystal cell, a plurality of liq- 
uid crystal layer regions having different reference 
orientation directions including the reference orienta- 
tion directions which are different from each other by 
180° can be formed. As a result, the viewing charac- 
teristics when viewed from a plurality of reference ori- 
entation directions are mixed and made uniform, so 
that good viewing performance can be obtained. 

In this example, other processes such as the light 
irradiation for the formation of roughness or the for- 
mation of resists are not performed before the insu- 
lating film 43 is formed. In addition, the insulating 
treatment and the aligning control are performed in 
one process, so that the production process is very 
simplified. Thus, it is possible to provide an LCD hav- 
ing superior viewing performance at a low cost 

Example 8 

Examples 8 to 10 describe exemplary cases for 
preventing the deterioration in contrast due to a dis- 
clination line caused at the boundary between liquid 
crystal layer regions having reference orientation di- 
rections different from each other which are formed 
in one pixel region. 

Figure 8 is a plan view showing one example in 
which the present invention is applied to the TN mode 
active matrix type LCD. Figure 9 is a cross-sectional 
view thereof. In the LCD, as is shown in Figure 9, an 
active matrix substrate 31 is disposed so as to face 
a counter substrate 32, and a liquid crystal layer 33 
is sealed therebetween. The active matrix substrate 
31 includes an Insulating substrate 31a made of 
glass. A plurality of scanning lines 12 and a plurality 



of signal lines 13 are tw^bd so as to cross each other 
onth insulating substrate 31a. In ach of the areas 
defined by the scanning lines 12 and the signal lines 
13, a pixel electrod 14 is disposed. In the vicinity of 

5 each of the crossings of the scanning lines 12 and the 
signal lines 13, a thin film transistor 20 (hereinafter 
referred to as a TFT) as a nonlinear element having 
a switching function is formed. Th TFT 20 is electri- 
cally connected to one of th scanning lines 12, one 

10 of the signal lines 13, and the corresponding pixel 
electrode 14. The TFT 20 includes a gate electrode 
15 which is branched from the scanning line 12, a 
source electrode 16 which is branched from the sig- 
nal line 13 toward the pixel electrode 14, and a drain 

15 electrode 17 of which the end overlaps the pixel elec- 
trode 14. As the TFT 20, an amorphous silicon TFT is 
employed in this example. The TFT 20 can be formed 
on the scanning line 12. 

On the pixel electrode 14, there is superposed a 

20 scanning line 12 which is adjacent to the scanning line 
12 connected to the TFT 20 connected to the pixel 
electrode 14. The superposed portion 18 functions as 
an additional capacitance. In an alternative case, an 
additional capacitance line (not shown) is formed sep- 

25 arately from the scanning line 12. In such a case, the 
additional capacitance 18 can be formed on the addi- 
tional capacitance line. 

Above these electrode lines, that is, above the 
scanning lines 12 and the signal lines 13, and above 

30 the TFTs 20, an insulating protective film 31 d is 
formed in order to prevent short-circuits between the 
substrate 31a and these electrode lines and the TFTs 
and between the TFTs and the electrode lines. The in- 
sulating protective film 31 d can be formed so as to 

35 have openings corresponding to respective pixel 
electrodes 14. 

In the counter substrate 32 which feces the active 
matrix substrate 31 having the above-described 
structure, a color filter 32b, a counter electrode 32c, 

40 and an alignment film 32e are formed in this order on 
an insulating substrate 32a made of glass. 

When the following process steps are performed 
for the LCD of this example having the above con- 
struction, the LCD which can actually be driven to dis- 

45 play can be produced. Specifically, the LCD which 
can actually be driven to display is produced by a step 
for forming alignment films 31o and 32o on the active 
matrix substrate 31 and the counter substrate 32, re- 
spectively, a step for performing a rubbing treatment 

so for the alignment film 31 e, a step for attaching the ac- 
tive matrix substrate 31 to the counter substrate 32, 
a step for providing a liquid crystal layer 33 by inject- 
ing liquid crystals between the substrates 31 and 32, 
and other steps, and then a step for mounting periph- 

55 eral circuits such as a drive circuit 

In the production process, some process steps 
for providing a plurality of liquid crystal layer regions 
having different reference orientation directions In 
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one pix I region are performed. In t xample. in or- 
der to allow two r ference orientation directions to ex- 
ist in one pixei region, an aligning treatment is per- 
formed for the alignment film 31 e of the active matrix 
substrat 31 , so as to form a liquid crystal layer region 
19 having a reference orientation direction which is 
differ nt from the reference orientation dir ction in 
the other liquid crystal layer region over two or more 
pixel regions. 

Such a liquid crystal layer region 19 is, for exam- 
ple, formed in the following manner. A portion of at 
least one substrate corresponding to one liquid crys- 
tal layer region is covered with a protective film, and 
the aligning treatment is performed in this state. 
Then, after the protective film is removed, a portion 
corresponding to the other liquid crystal layer region 
is covered with a protective film, and the aligning 
treatment is performed so as to have a different align- 
ing condition from that of the previously treated por- 
tion. In an alternative case, a region of the surface of 
the pixel electrode 14 is chemically changed by using 
liquid such as an acidic or alkaline solution, so as to 
make the surface rough. Thus, the aligning directions 
are controlled by utilizing the difference in tilt angles 
or tilt directions between the rough region and the flat 
reg ion. As a method for making the surface rough, the 
surface may be chemically changed by gas, plasma, 
or by electromagnetic waves including light, or the 
surface may be physically changed by solid, gas, 
plasma, or electromagnetic waves including light 

In the case where the insulating film is formed 
above the electrode lines and the TFTs, in order to 
prevent short-circuits between the substrates and 
between the electrode lines, the insulating film sur- 
face is treated so as to chemically change the surface 
condition by using liquid such as an acidic or alkaline 
solution, gas, plasma, or electromagnetic waves in- 
cluding light, or the like, or so as to physically change 
the surface condition by using solid, gas, plasma, 
electromagnetic waves including light, or the like. Si- 
multaneously, the insulating film is patterned. As a re- 
sult the in-plane orientation directions in the liquid 
crystal panel of the liquid crystal molecules in the vi- 
cinity of the center of the liquid crystal layer along the 
thickness direction thereof, i.e., the reference orien- 
tation directions can be controlled by controlling the 
tilt angles or the tilt directions. 

Accordingly, in this example, in order to allow two 
reference orientation directions to exist in one pixel 
region, a liquid crystal layer region having a reference 
orientation direction different from that of the other 
region is formed over two or more pixel regions. Ac- 
cordingly, the boundary X of the liquid crystal layer re- 
gions with different reference orientation directions is 
positioned over two or more pixei regions. As a result 
the free energy Included in the boundary is reduced, 
so that the possibility of one aligning condition being 
absorbed by the other aligning condition can be 



anisotropy of refractive in- 
dices of liquid crystal molecules is not tost and it is 
possible to ensure the optical rotatory power of light 
As a result the viewing angle dependence of the con- 

5 trast can be eliminated. 

In this example, the aligning treatment for form- 
ing two liquid crystal layer regions having different 
reference orientation directions is performed only for 
the alignment film 31e of the active matrix substrate 

10 31. For the alignment film 32e of the counter sub- 
strate 32, an aligning treatment for applying a uniform 
aligning condition over the entire surface thereof is 
performed. Alternatively, the aligning treatment for 
forming two types of liquid crystal layer regions hav- 

is ing different reference orientation directions may be 
performed only for the alignment film 32e of the coun- 
ter substrate 32, or for both the alignment films 31e 
and 32o of the substrates 31 and 32. In such cases, 
it is possible to eliminate the viewing angle depend- 

20 ence, similar to the above-described case. 

In this example, the boundary X between the liq- 
uid crystal layer regions with different reference ori- 
entation directions Is set so as to be parallel to the sig- 
nal lines 13. However, this invention is not limited to 

25 this specific setting. Alternatively, two types of liquid 
crystal layer regions may be formed so that the 
boundary X therebetween is parallel to the scanning 
lines 12, as is shown in Figure 10. In such a case, it 
is possible to eliminate the viewing angle dependence 

30 for the above-described reasons of the above exam- 
ples. 

In this example, in order to allow two reference 
orientation directions to exist in one pixel region, two 
liquid crystal layer regions having different reference 

35 orientation directions are formed over two or more 
pixel regions. Again, this invention is not limited to this 
specific case. Alternatively, in order to allow two, or 
three or more reference orientation directions to exist 
in one pixel region, two, or three or more liquid crystal 

40 layer regions having different reference orientation 
directions may be formed over two or more pixel re- 
gions. 

In addition, it is sufficient for the boundary be- 
tween the liquid crystal layer regions with different 

45 reference orientation directions to exist over two or 
more pixel regions. Accordingly, it is unnecessary that 
the boundary continues over all the pixel regions in 
one column of picture elements, among picture ele- 
ments disposed in a matrix. In some cases, the 

so boundary may be divided in one column. 

Example 9 

Another example of th invention will be descri- 
55 bed. 

Figure 11 is a plan view showing an LCD of Ex- 
ample 9 of this invention. Figure 12 is a cross- 
sectional view along the arrow A in Figure 11. Like 
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components are indicated by tik relQPic num rals 
to those in Figures 8 and 9. tn this LCD, unlike Exam- 
ple 8, two liquid crystal layer regions having different 
reference orientation directions ar formed in each 
pixel region. In Figure 11 f one of the two liquid crystal 
layer regions having different reference orientation 
directions is indicated by a hatched region, and th 
other region is indicated by a region without hatching. 
In this example, on the alignment film 31 e on the ac- 
tive matrix substrate 31 side, two types of portions 
having different aligning conditions are formed in the 
above-described manner. As a result, two types of liq- 
uid crystal layer regions having different reference 
orientation directions are formed as shown in Figure 
11. At this time, one of the portions having different 
aligning conditions of the alignment film 31 e is rubbed 
so that the orientation direction of liquid crystal mol- 
ecules which are in contact with the portion coincides 
with the direction B. These two types of liquid crystal 
layer regions are positioned so that the boundary X 
therebetween is parallel to the orientation direction 
(the direction B) of the liquid crystal molecules which 
are in contact with the alignment film 31 e on the ac- 
tive matrix substrate 31 side. As the aligning treat- 
ment for forming liquid crystal layer regions having 
different reference orientation directions, the same 
treatment as that performed in the above-described 
example can be performed. 

As described above, in this LCD, the boundary X 
between the two liquid crystal layer regions with dif- 
ferent orientation directions is parallel to the orienta- 
tion direction (the direction B) of the liquid crystal mol- 
ecules which are in contact with the alignment film 
31 e of the active matrix substrate 31. Accordingly, the 
disorder of liquid crystal alignment can be sup- 
pressed, which results in the prevention of the above- 
mentioned occurrence of the disclination line. In this 
example, liquid crystal layer regions having different 
reference orientation directions disposed as shown in 
Figure 11 are formed by performing the aligning treat- 
ment for forming two types of portions having differ- 
ent aligning conditions for the alignment film 31e on 
the active matrix substrate 31 side. Alternatively, if 
such aligning treatment is performed only for the 
alignment film 32e of the counter substrate 32, or for 
both the alignment films 31 e and 32e of the sub- 
strates 31 and 32, the same effect as in this example 
can be attained. In the former case, it is necessary to 
set the boundary X between the liquid crystal layerre- 
gions to be parallel to the orientation direction of liquid 
crystal molecules which are in contact with the align- 
ment film 32e of the counter substrate 32. In the latter 
case, the boundary X may be set so as to be parallel 
to the orientation direction of liquid crystal molecules 
which are in contact with either the alignment film 31 e 
of the active matrix substrate 31 or the alignment film 
32e of the counter substrate 32. 

As shown in Figure 13, if the orientation direction 



(the direction B) of liq J^rystal molecules is different 
from that in the above-described case shown in Fig- 
ure 11, it is sufficient to form two liquid crystal layer 
regions with different reference orientation direction 
5 so that the boundary X therebetween is set to be par- 
allel to the orientation direction. 

In the above cases, as is shown in Figures 11 and 
13, two types of liquid crystal layer regions having dif- 
ferent reference orientation directions are formed 
10 such that the boundary X therebetween is formed 
from one of the horizontally adjacent sides to the 
other side, or from one of the vertically adjacent sides 
to the other side of the display panel of the LCD. 
Again, the invention is not limited to these specific 
15 patterns. The boundary X extending from one side 
does not necessarily reach the other side. Alterna- 
tively, the boundary X may divide each of the two 
types of liquid crystal layer regions having different 
reference orientation directions. 
20 In addition, in this example, the two types of liquid 
crystal layer regions with different reference orienta- 
tion directions are formed in each separate pixel re- 
gion. Again, this invention is not limited to this specific 
case. Alternatively, as is shown in Figure 14, a liquid 
25 crystal layer region 19 having a reference orientation 
direction which is different from that of the other re- 
gion may be formed over a plurality of successive pix- 
el regions. In such a case, in a portion of the pixel re- 
gion corresponding to the actual picture element, the 
30 boundary X between the two liquid crystal layer re- 
gions with different reference orientation directions 
should be set so as to be parallel to the orientation di- 
rection (the direction B) of the liquid crystal mole- 
cules. In other words, portions other than the picture 
35 element hardly affect the orientation direction of liquid 
crystal molecules during the display, so that the 
boundary X between the two liquid crystal layer re- 
gions is not necessarily parallel to the direction B. As 
the step of forming liquid crystal layer regions having 
40 different reference orientation directions, the process 
described in each of the above-described examples 
can be adopted. 

Moreover, as shown in Figure 13, in the case of 
the active matrix type LCD having the TFT 20 of a 
45 nonlinear element between the picture element and 
the signal line, if the boundary X between the two liq- 
uid crystal layer regions with different reference ori- 
entation directions is positioned farthest from the 
nonlinear element, it is possible to prevent the dete- 
50 rioration of the nonlinear element during the treat- 
ment for making the surface rough, which is one of the 
process steps for forming portions having different 
aligning conditions in the alignment film. 

In this example, it is appreciated that thre or 
55 more liquid crystal layer regions with different refer- 
ence orientation directions are formed in one pixel re- 
gion, and the respective boundaries ar set so as to 
be parallel to the orientation direction of liquid crystal 
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molecules. 
Example 10 

Next, still another example of the invention will be 
described. 

In this example, two or more liquid crystal layer 
regions with different reference ori ntation directions 
are formed, and a light blocking film is formed on each 
boundary, so that light leaked from the boundary por- 
tion is blocked by the light blocking film. In this case, 
it is unnecessary to set the boundary between the liq- 
uid crystal layer regions to be parallel to the in-plane 
orientation direction of the liquid crystal molecules 
which are in contact with one of the alignment films. 

Figure 15 is a plan view showing an LCD of this 
example, and Figure 16 is a cross-sectional view 
thereof. In this LCD, the boundary between two liquid 
crystal layer regions with different reference orienta- 
tion directions (one is indicated by the reference nu- 
meral 19) Is covered with a light blocking film 21 which 
is extended from the drain electrode 17. 

Accordingly, in Example 10, the light leaked from 
the boundary portion in which any disclination line oc- 
curs can be blocked by the light blocking film 21, so 
that the contrast can be enhanced. The light blocking 
film 21 is formed of the same material as that of the 
drain electrode 17 constituting the TFT 20 because 
the attaching accuracy of the two substrates is low. 
If the fight blocking film 21 is separately formed, a 
positioning deviation occurs between the light block- 
ing film 21 and the TFT 20, both of which have the 
light blocking function, after the attachment of the 
substrates. As a result the opening ratio is reduced. 
On the contrary, if the light blocking film 21 is formed 
of the same material as the drain electrode 17, the de- 
position and etching for the drain electrode 17 can be 
used for the formation of the light blocking film 21. 
Thus, the number of process steps is not increased as 
compared with the conventional process. 

As shown in Figure 16, the width D of the light 
blocking film 21 may be set to be a value with which 
the light blocking film 21 can block the light leaked 
from the portion in which the disclination line occurs. 

In this example, the light blocking film 21 is 
formed of the same material as that of the drain elec- 
trode 17. Alternatively, the light blocking film 21 may 
be formed of the same material as any electrode or 
the like having the light blocking function constituting 
the TFT 20. In such a case, the same effects can be 
attained. 

The light blocking film 21 in this example can be 
formed so as to cover the entire peripheral portions 
of the pictur elements, as is shown in Figure 17. Al- 
ternatively, the light blocking film 21 may be form d 
so as to cover the boundary X shown in Examples 8 
and 9. 

The techniques described in Examples 8, 9, and 
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10 can also be applie^^ny LCD of a desired mode 
and a desired structure, as well as to the LCDs of 
above-mentioned mod s and structures. 

As described above, according to the method for 

5 producing an LCD of this invention, the pretilt angles 
of liquid crystal molecules can be easily controlled. In 
addition, pretilt angl s are changed for respective 
minut areas, so as to form different aligning condi- 
tions. The substrates which are subjected to the align- 
to ing treatments are combined, so that a liquid crystal 
layer region in which different aligning conditions face 
each other and a liquid crystal layer region in which 
equal aligning conditions face each other are mixedly 
formed. When the substrates are combined in such a 

15 manner that the pretilt angle on one substrate side is 
different from that on the other substrate side, refer- 
ence orientation directions different from each other 
by 1 80° are formed. Another reference orientation di- 
rection which is perpendicular to these reference ori- 

20 entation directions is formed by combining the sub- 
strates in such a manner that the pretilt angle on one 
substrate side is equal to that on the other substrate 
side. As a result, two or three reference orientation di- 
rections can be formed in one and the same liquid 

25 crystal cell, and the viewing characteristics in two or 
three viewing directions are mixed and made uniform. 
Between adjacent liquid crystal layer regions having 
reference orientation directions different from each 
other by 180°, a liquid crystal layer region in which the 

30 pretilt angle on one substrate side is equal to that on 
the other substrate side is formed. The liquid crystal 
layer region having equal pretilt angles on both sides 
has a smaller area than the adjacent liquid crystal lay- 
er regions. As the result of the construction, there oc- 

35 curs no discontinuity in liquid crystal at the boundary 
between different aligning characteristics, so that a 
disclination line is not generated. 

In the LCD of the invention, the boundary be- 
tween different aligning conditions on one substrate 

40 is disposed so as to divide one aligning condition on 
the other substrate. Thus, it is unnecessary to form a 
black matrix at the boundary in view of the misalign- 
ment 

The LCD according to the invention which is pro- 
45 duced as the result of the above-described aligning 
regulations can provide an image with high contrast 
and high quality. According to the invention, the view- 
ing angle dependency of the LCD can be eliminated, 
and disadvantageous phenomena such as the phe- 
50 nomenon in which one aligning condition is absorbed 
by another aligning condition as time elapses can be 
suppressed. In addition, a disclination line can be pre- 
vented from being generated at the boundary be- 
tween liquid crystal layer regions having different ref- 
55 erence orientation directions. Moreover, when a light 
blocking film is formed, it is possible to prevent light 
(if any) from being leaked from a disclination line. 
Therefor , according to the invention, a reliable LCD 
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with improved display quality can b^pbvided. 

Various other modifications will be apparent to 
and can be readily made by thos skilled in th art 
without departing from the scope and spirit of this in- 
vention. Accordingly, it is not intended that the scope 
of th claims appended hereto be limited to the de- 
scription as set forth herein, but rather that the claims 
be broadly construed. 



Claims 

1. A liquid crystal display apparatus comprising: 

a first substrate and a second substrate 
disposed to face each other; 

a liquid crystal layer sandwiched between 
the first substrate and the second substrate; and 

a first alignment film formed between the 
liquid crystal layer and the first substrate, and a 
second alignment film formed between the liquid 
crystal layer and the second substrate, 

wherein the liquid crystal layer includes a 
plurality of liquid crystal layer regions having 
aligning conditions which are different from each 
other, the plurality of liquid crystal layer regions 
including a first liquid crystal layer region and a 
second liquid crystal layer region, and wherein an 
orientation direction in a substrate plane of liquid 
crystal molecules in the vicinity of the center of 
the first liquid crystal layer region is different 
from an orientation direction in the substrate 
plane of liquid crystal molecules in the vicinity of 
the center of the second liquid crystal layer re- 
gion, substantially by 90°. 

2. A liquid crystal display apparatus according to 
claim 1, wherein liquid crystal molecules in the 
second liquid crystal layer region are twisted in a 
direction opposite to a direction in which liquid 
crystal molecules in the first liquid crystal layer 
region are twisted. 

3. A liquid crystal display apparatus according to 
claim 1, wherein a surface condition of the first 
alignment film is different from a surface condi- 
tion of the second alignment film in the first liquid 
crystal layer region, and a surface condition of 
the first alignment film is substantially the same 
as a surface condition of the second alignment 
film in the second liquid crystal layer region. 

4. A liquid crystal display apparatus according to 
claim 1, wherein a pretilt angle of the first align- 
ment film is different from a pretilt angle of the 
second alignment film in the first liquid crystal 
layer region, and a pretilt angle of the first align- 
ment film is substantially the same as a pretilt an- 
gle of the second alignment film in the second liq- 



uid crystal layer n. 

5. A liquid crystal display apparatus according to 
claim 4, wherein the pretilt angle of the first align- 

5 ment film and the pretilt angle of the second 

alignment film in the first liquid crystal layer re- 
gion are smaller than 20°, and a difference be- 
tween the pretilt angles of the first and the sec- 
ond alignment films in the first liquid crystal layer 

10 region is 1 .5° or more. 

6. A liquid crystal display apparatus according to 
claim 1 , wherein the plurality of liquid crystal lay- 
er regions further includes a third liquid crystal 

15 layer region, and an orientation direction in the 
substrate plane of liquid crystal molecules in the 
vicinity of the center of the third liquid crystal lay- 
er region is different from the orientation direc- 
tion in the first liquid crystal layer region by 180°, 

20 and different from the orientation direction in the 
second liquid crystaf ( layer region by 90°. 

7. A liquid crystal display apparatus according to 
claim 6, wherein a pretilt angle of the first align- 

25 ment film and a pretilt angle of the second align- 
ment film in the third liquid crystal layer region are 
smaller than 20°, and a difference between the 
pretilt angles of the first and the second align- 
ment films in the third liquid crystal layer region 

30 is 1.5° or more. 

8. A liquid crystal display apparatus according to 
claim 7, wherein the pretilt angle of the first align- 
ment film is larger than the pretilt angle of the 

35 second alignment film in the first liquid crystal 
layer region, and the pretilt angle of the first align- 
ment film is smaller than the pretilt angle of the 
second alignment film in the third liquid crystal 
layer region. 

40 

9. A liquid crystal display apparatus according to 
claim 7, wherein the pretilt angle of the first align- 
ment film is smaller than the pretilt angle of the 
second alignment film in the first liquid crystal 

45 layer region, and the pretilt angle of the first align- 
ment film is larger than the pretilt angle of the 
second alignment film in the third liquid crystal 
layer region. 

so 10. A liquid crystal display apparatus according to 
claim 6, wherein the second liquid crystal layer 
region is formed between the first liquid crystal 
layer region and the third liquid crystal layer re- 
gion. 

55 

11. A liquid crystal display apparatus according to 
claim 10, wherein the first, the second, and the 
third liquid crystal lay r regions have substantial- 
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* ly equal areas. 

12. A liquid crystal display apparatus according to 
claim 10, wherein an area of the second liquid 
crystal layer region is smaller than an area of 5 
each of the first and the third liquid crystal layer 
regions. 

13. A liquid crystal display apparatus according to 
claim 1, wherein a surface condition of the first 10 
alignment film in the first liquid crystal layer re- 
gion is substantially equal to a surface condition 

of the first alignment film in the second liquid 
crystal layer region, and a surface condition of 
the second alignment film in the first liquid crystal is 
layer region is different from a surface condition 
of the second alignment film in the second liquid 
crystal layer region. 

14. A liquid crystal display apparatus according to 20 
claim 13, wherein a pretilt angle of the first align- 
ment film has an intermediate value between a 
pretilt angle of the second alignment film in the 

first liquid crystal layer region and a pretilt angle 

of the second alignment film in the second liquid 25 

crystal layer region. 

15. A liquid crystal display apparatus according to 
claim 6, wherein a surface condition of the first 
alignment film in the second liquid crystal layer 30 
region is substantially equal to a surface condi- 
tion of the first alignment film in the first liquid 
crystal layer region, and a surface condition of 

the second alignment film in the second liquid 
crystal layer region is substantially equal to a sur- 35 
face condition of the second alignment film in the 
third liquid crystal layer region. 

16. A liquid crystal display apparatus according to 
claim 6, wherein the first alignmentfilm has equal 40 
surface conditions in all of the first, the second, 

and the third liquid crystal layer regions, and 
wherein the second alignment film has different 
surface conditions among the first, the second, 
and the third liquid crystal layer regions. 45 

17. A liquid crystal display apparatus according to 
claim 15, wherein pretilt angles of the second 
alignment film in the first, the second, and the 
third liquid crystal layerregions are differentfrom so 
each other. 

18. A liquid crystal display apparatus according to 
claim 1, wherein each of the plurality of liquid 
crystal layer regions corresponds to one pixel re- 55 
gion. 

19. A liquid crystal display apparatus according to 



claim 1, wherein tl^)lurality of liquid crystal lay- 
er regions are formed in one pixel region. 

20. A liquid crystal display apparatus according to 
claim 1, wherein each of the plurality of liquid 
crystal layer regions are continuously formed 
over a plurality of pixel regions. 

21. A liquid crystal display apparatus according to 
claim 19, wherein an orientation direction in the 
substrate plane of liquid crystal molecules which 
are in contact with one of the first alignment film 
and the second alignment film is substantially 
parallel to a boundary between the plurality of liq- 
uid crystal layer regions. 

22. A liquid crystal display apparatus according to 
claim 20, wherein an orientation direction in the 
substrate plane of liquid crystal molecules which 
are in contact with one of the first alignment film 
and the second alignment film is substantially 
parallel to a boundary between the plurality of liq- 
uid crystal layer regions. 

23. A liquid crystal display apparatus according to 
claim 18, further comprising a light blocking film 
located on the boundary between the plurality of 
liquid crystal layer regions. 

24. A liquid crystal display apparatus according to 
claim 19, wherein a nonlinear element is formed 
in the pixel region, and the boundary is disposed 
at a position remotest from the nonlinear ele- 
ment. 

25. A liquid crystal display apparatus according to 
claim 20, wherein a nonlinear element is formed 
in the pixel region, and the boundary is disposed 
at a position remotest from the nonlinear ele- 
ment 

26. A liquid crystal display apparatus according to 
claim 23, wherein a nonlinear element is formed 
in the pixel region, and the light blocking film is 
formed of an opaque material which constitutes 
the nonlinear element 

27. A method for producing a liquid crystal display ap- 
paratus comprising a first substrate and a second 
substrate disposed to face each other and liquid 
crystal sandwiched between the first substrate 
and the second substrate, the method compris- 
ing: 

a step of forming a first alignment film on 
the first substrate, and forming a second align- 
ment film on the second substrate; 

a surface treatment step of forming a plur- 
ality of portions having surface conditions which 



22 



* are different from each other, least one of 
the first alignment film and the second alignment 
film; and 

an assembly step of attaching the first 
substrate to the second substrate, and injecting 
the liquid crystal between the first substrate and 
the s cond substrate, so as to form a plurality of 
liquid crystal layer regions having different orien- 
tation directions in a substrate plane of liquid 
crystal molecules in the vicinity of the center of 
the liquid crystal aiong a thickness direction of 
the liquid crystal between the first and the sec- 
ond substrates, wherein the plurality of liquid 
crystal layer regions includes a first liquid crystal 
layer region and a second liquid crystal layer re- 
gion, and an orientation direction in the substrate 
plane of liquid crystal molecules in the vicinity of 
the center of the first liquid crystal layer region is 
different from an orientation direction in the sub- 
strate plane of liquid crystal molecules in the vi- 
cinity of a center of the second liquid crystal layer 
region, substantially by 90°. 

28. A method for producing a liquid crystal display ap- 
paratus according to claim 27, wherein the sur- 
face treatment step includes a step of forming a 
plurality of portions having different pretilt angles 
by partially changing the surface condition of at 
least one of the first and the second alignment 
films. 

29. Amethod for producing a liquid crystal display ap- 
paratus according to claim 28, wherein the step 
of forming the plurality of portions having differ- 
ent pretilt angles includes a step of selectively ir- 
radiating the at least one of the first and the sec- 
ond alignment films with ultraviolet rays. 

30. Amethod for producing a liquid crystal display ap- 
paratus according to claim 28, wherein the step 
of forming the plurality of portions having differ- 
ent pretilt angles includes a step of bringing the 
at least one of the first and the second alignment 
films into contact with one of an acid solution, an 
alkaline solution, and solutions containing these 
as main components. 

31 . Amethod for producing a liquid crystal display ap- 
paratus according to claim 28, wherein the step 
of forming the plurality of portions having differ- 
ent pretilt angles includes a step of irradiating the 
at least one of the first and the second alignment 
films with a plasma of a gas selected from a 
group consisting of 0 2 , Ar, and Kr. 

32. Amethod for producing a liquid crystal display ap- 
paratus according to claim 28, further comprising 
a step of forming an underlying film on each of 



the first and the^fcnd substrates, prior to the 
step of forming the first and the second alignment 
films, wherein the surface treatment step in- 
cludes a step of making a part of at least one of 
5 the underlying films having different degrees of 

roughness, and a step of forming the first and the 
second alignment films on the underlying films, 
thereby changing a surface condition of at least 
one of the first and the second alignment films. 

10 

33. Amethod for producing a liquid crystal display ap- 
paratus according to claim 32, wherein the step 
of making different degrees of roughness in- 
cludes a step of selectively irradiating the unden- 
ts lying film with ultraviolet rays. 

34. Amethod for producing a liquid crystal display ap- 
paratus according to claim 32, wherein the step 
of making different degrees of roughness in* 

20 eludes a step of bringing the underlying film into 
contact with one of an acid solution, an alkaline 
solution, and solutions containing these as main 
components. 

25 35. Amethod for producing a liquid crystal display ap- 
paratus according to claim 32, wherein the step 
of making different degrees or roughness in- 
cludes a step of irradiating the underlying film 
with a plasma of a gas selected from a group con- 

30 sisting of 0 2 , Ar, and Kr. 

36. Amethod for producing a liquid crystal display ap- 
paratus according to claim 32, wherein the step 
of making different degrees of roughness in- 

35 eludes a step of forming an insulating film on a 
predetermined area of a surface of the underlying 
film. 

37. Amethod for producing a liquid crystal display ap- 
40 paratus according to claim 32, wherein the step 

of making different degrees of roughness in- 
cludes a step of forming the different degrees of 
roughness in at least one of the underlying films 
by photolithography. 

45 

38. Amethod for producing a liquid crystal display ap- 
paratus according to claim 32, wherein, in the 
step of forming the first and the second alignment 
films on the underlying films, a surface condition 

50 of at least one of the first and the second align- 
ment films is controlled by changing a thickness 
of the at least one of the first and the second 
alignment films. 

55 39. Amethod for producing a liquid crystal display ap- 
paratus according to claim 27, wherein the plur- 
ality of liquid crystal layer regions further in- 
cludes a third liquid crystal layer region, and an 
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* orientation direction in the sub^Pre ptane of liq- 
uid crystal molecules in the vicinity of the center 
of the third liquid crystal layer regi n is diff rent 
from the dentation direction In the first liquid 
crystal layer region substantially by 1 80°, and dif- 5 
ferent from the ori ntation direction in the second 
liquid crystal layer region substantially by 90°. 

40. A method for producing a liquid crystal display ap- 
paratus according to claim 39, wherein the first 10 
alignment film includes a first and a second por- 
tions having different pretilt angles, and the sec- 
ond alignment film includes a third and a fourth 
portions having different pretilt angles, and 
wherein the method further includes a step of 15 
positioning the first and the second substrates so 

that the second portion of the first alignment film 
is divided by a boundary between the third and 
the fourth portions of the second alignment film. 

20 

41. Amethod for producing a liquid crystal display ap- 
paratus according to claim 27, wherein in the as- 
sembly step, the first and the second substrates 
are assembled so as to adapt to liquid crystal 
having a twisted property in a direction opposite 25 
to a direction in which the injected liquid crystal 

is twisted, whereby the twisted directions in the 
plurality of liquid crystal layer regions are differ- 
ent from each other. 

30 
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